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ABSTRACT 
Foreland basin sediment deposition in North-Central Pennsylvania during Late 
Devonian time records erosion of hinterland source terranes exhumed during regional 
plate convergence, including the collisional Acadian orogeny. The Catskill clastic wedge 
preserves a coarsening-upwards stratigraphic succession from marine to fluvial 
environments associated with sediment progradation and sea-level regression, yet 
depositional timescales and quantitative provenance data are largely unconstrained. 
Detailed facies analysis of eight outcrops spanning >2 km of stratigraphy in 
Lycoming Co., Pennsylvania documents distinct upsection changes, interpreted to reflect 
changes in depositional environments consistent with previous sedimentology of the 
Catskill clastic wedge. Stratigraphy displays a transition from nearshore marine and 
estuarine environments above the fairweather wave-base to fluvial channel-bar systems 
with poorly drained floodplains. New U/Pb detrital zircon ages (n=737) from six 
sandstones overlap with ages reported from exposed hinterland Appalachian bedrock 
sources. Taconic (440–490 Ma, 13%), Grenville (900–1200 Ma, 46%), and Pre-Grenville 
(1201–2950 Ma, 26%) age populations and synorogenic Acadian (350–420 Ma, 4%) ages 
make up the zircon age spectra. New 40Ar/39Ar detrital muscovite age populations (358–
475 Ma, n=341) from three sandstones are chiefly Acadian (93%). The youngest 
population of detrital zircon ages from the lowermost sample indicates a maximum 
depositional age of ~369 Ma. The youngest population of detrital muscovite ages from 
the uppermost sample yields a maximum depositional age of ~361 Ma. These new age 
constraints, together with previously reported Late Devonian fossil vertebrates and 
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palynomorphs, indicate deposition of the entire 2-km-thick succession in <14 m.y from 
<373 to ~359 Ma.  
LA-ICP-MS geochemistry of detrital muscovite grains and muscovite within 
schistose lithic grains from eight sandstones implies mixed igneous and metamorphic 
provenance. This new data builds upon previous sandstone modal analyses inferring 
provenance from both recycled sedimentary and crystalline bedrock source terranes. 
Populations of detrital muscovite display significantly higher incompatible element 
concentration values relative to sampled muscovite within schistose clasts, and implies 
igneous provenance for most incompatible element-rich detrital muscovite grains. 
Overlapping incompatible element concentrations between detrital muscovite and 
schistose muscovite indicate metamorphic provenance for some the detrital muscovites. 
Collectively, the new geochronologic and geochemical data from detrital minerals 
indicate erosion of igneous and metamorphic bedrock sources exposed >250 km to the 
east and transport westward into the foreland basin, consistent with previously reported 
west-directed paleocurrent indicators and westward-fining lithofacies trends. Specifically, 
the results presented herein are most consistent with sediment derivation from igneous 
and metamorphic source terranes analogous to those presently exposed in Connecticut, 
New Jersey, and Southeastern New York. The <6 m.y. lag time between cooling of Late 
Devonian detrital muscovite and deposition in Late Devonian sediments implies rapid 
exhumation/erosion; additional thermochronologic data are needed to estimate 
exhumation rates. This exhumation is consistent with muscovite cooling ages previously 
reported from hinterland bedrock sources and evidence for regional hinterland glaciation. 
2
INTRODUCTION 
The sedimentary geology of the northeastern United States is largely governed by 
three Paleozoic collisional orogenies, the Taconic, Acadian, and Appalachian, that 
resulted in the formation significant mountain belts and Pangea by ~300 Ma (e.g. 
Stampfli et al., 2013). The Acadian orogeny, occurring from ~420-350 Ma, is widely 
interpreted as a tectonic event involving the collision and accretion of terranes with the 
eastern margin of Laurentia (present-day North America) (Murphy and Keppie, 2005). 
This tectonic collision uplifted the Acadian mountain range along this margin, and 
exhumed bedrock that shed sediment into the foreland basin on the western side of the 
mountains (e.g. Ver Straeten, 2009). Figure 1 shows a simplified map of the tectonic 
setting that details Acadian collision of Avalonia and Laurentia, at the time situated 
between ~20° and ~45° south of the equator in a subtropical environment (Blakey, 2008; 
Scotese, 2008).  
The Upper Devonian (~360-385 Ma) foreland strata in Pennsylvania preserve a 
coarsening-upwards succession of sandstone, mudrock, and minor conglomerate 
representing marine and fluvial environments that originated as sediments shed off of the 
Acadian mountains into a seaway that flooded the interior of the continent (Faill, 1985; 
Slingerland, 2009; Oest, 2015). Previous studies of paleocurrent and lithofacies trends in 
Upper Devonian Acadian foreland sediments in Pennsylvania document westward fluvial 
transport from the orogenic highlands to the continental interior (Figure 2; Faill, 1985; 
Harper, 1999). These foreland sediment deposits are known as the Catskill clastic wedge, 
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Figure 1. Simplified map showing the microcontinent-continent collisional setting 
between Avalonia and Laurentia known as the Acadian orogeny and the corresponding 
foreland clastic wedges, adapted from Lash and Engelder (2011). State borders are 
dashed. PA = Pennsylvania. 
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 Figure 2. Late Devonian depositional setting of the Appalachian foreland basin inboard 
(west) of the fold-thrust belt during the Acadian orogeny. Arrows depict generalized 
sediment transport directions derived from paleocurrents and lithofacies trends. Orange 
rectangle shows study area. Westward progradation of alluvial environments and sea-
level regression shifted the shoreline westward during Famennian time. Thus, north-
central Pennsylvania changed from shallow marine to fluvial environments. Map adapted 
from Broussard et al. (2018), using data from Blakey (2008) and Harper (1999). 
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Catskill basin, or Catskill Delta, with coeval strata discontinuously exposed from central 
New York to Alabama (Sevon and Woodrow, 1985; Murphy and Keppie, 2005).  
While previous work has documented the spatial and temporal evolution of the 
depositional environments through sedimentologic and paleontologic studies, quantitative 
data regarding the timing and pace of deposition as well as the nature, age, and location 
of the sediment sources are lacking, especially in Pennsylvania. This study evaluates the 
depositional history of the Catskill foreland basin strata exposed in North-Central 
Pennsylvania using modern quantitative geochronologic and geochemical analytical 
methods. Through evaluating the ages and chemical compositions of individual detrital 
mineral grains sampled from the strata, quantitative constraints can be placed on 
sediment depositional age and provenance. In addition, the lag times between the age of 
formation of these mineral grains in the subsurface and their deposition in the basin has 
implications for the rates of exhumation of the sediment sources and the pace of tectonic 
activity at the time.  
To accomplish these research goals, I present new trace element data and 
40Ar/39Ar ages from detrital muscovite grains and U/Pb ages from detrital zircon grains 
that build upon the large body of previous sedimentological work for the Catskill basin. 
Three datasets from two different detrital minerals were analyzed in order to integrate the 
respective strengths of each method to better understand basin development and tectonic 
history. Zircon grains are extremely sturdy and ubiquitous in sedimentary systems, 
making them a useful tool for provenance and depositional age analysis (Gehrels, 2014). 
However, given their sturdiness, individual grains can undergo significant recycling 
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through multiple sedimentary or even metamorphic systems, and caution must be taken 
when interpreting the primary source terranes contributing sediment to the basin. 
Muscovite grains are less sturdy and ages are more correlated to primary sourcing, but 
are less common in sedimentary systems (Hodges et al., 2005). Muscovite also 
crystallizes at a lower temperature than zircon, useful for thermochronologic estimates of 
potential source terranes. Examining the geochemical composition of detrital muscovite 
and detrital zircon grains can indicate the lithology of their source rock. In conjunction 
with the respective grain ages, the geochemical signature has implications for rates of 
exhumation, as muscovite and zircon can form in both igneous and metamorphic rocks 
emplaced at various depths. 
Broadly, this data has a wide range of implications, such as improving 
understanding of Acadian tectonics and foreland basin dynamics, and the interactions 
between depositional environments and vertebrate evolution. Several of the sample sites 
from this study exhibit abundant, diverse vertebrate fossils including fish and tetrapods, 
the first terrestrial vertebrates (e.g. Broussard et al., 2018). Understanding the dynamics 
of the environments which these animals inhabited is crucial to understanding this 
important evolutionary step in our lineage. 
In addition, Upper Devonian/Lower Mississippian glacial deposits overlie the 
more proximal Catskill sediments to the east (Brezinski et al., 2010). While these 
glacially-derived sediments are generally attributed to Late Devonian global cooling, 
recent work indicates that the formation of mountain belts exposing mafic rocks at 
tropical latitudes, which could have occurred during Acadian orogeny in the Devonian, 
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drive the cooling process (Macdonald et al., 2019). Consequently, uplift of the mountains 
driving global cooling and topographic ascension into higher altitudes may have 
prompted regional alpine glacier formation, drastically changing the nature of the fluvial 
systems originating from these highlands. Herman and Braun (2008) model recent 
Pleistocene glaciation in New Zealand where tectonics, particularly uplift along the 
Alpine Fault, plays a key role in the formation of glaciers. 
Geologic Setting and Study Area 
In North Central Pennsylvania, the Catskill clastic wedge makes up a >2km thick 
section of broadly coarsening-upwards sandstone and mudstone, recording sea-level 
regression and westward progradation of siliciclastic sediments (Ettensohn, 1985; Faill 
1985; Sevon, 1985; Oest, 2015). Locally, the major formations that make up the sampled 
Upper Devonian stratigraphy are the shallow marine Lock Haven Formation and 
nonmarine Catskill Formation “redbeds” (Dennison, 1985; Sevon, 1985; Slingerland and 
Loule, 1988). Recent highway widening of U.S. Route 15 in Lycoming County, 
Pennsylvania created several new road cuts exposing the Lock Haven and Catskill 
Formations (Figure 3, 4). Strata are horizontal to shallowly dipping (0°-12°), indicative of 
minor post-depositional deformation. Catskill strata to the east are overlain by glacial 
deposits of the Spechty Kopf formation, generally attributed to latest-Devonian global 
cooling (Brezinski et al., 2010).  
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Figure 3. Bedrock geologic map of the study area. Inset shows location of North Central 
Pennsylvania study area within the northeastern United States. Data from USGS and Faill 
et al. (1977). Contact of the Sherman Creek Member is inferred for a portion of the map 
area where members were not mapped previously; contact was inferred from topography, 
near-horizontal orientation of the strata, and isolated outcrops. The Red Hill site, ~50 km 
to the west, is shown as a star on the inset. GPS coordinates of sample locations are 
summarized in Table 1. 
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Figure 4. Simplified revised stratigraphic column of the bedrock geology depicted in 
Figure 3. Ages in left column reflect findings from this study and previously reported 
biostratigraphic data (Broussard et al. 2018; Traverse, 2003). Previous age estimates are 
from Sevon and Woodrow (1985). Stars represent relative stratigraphic position of 
samples for present study; star colors and member colors distinguish sample locations 
and bedrock geology respectively shown in Figure 3. Analytical methods from each site 
are coded as follows: DZ – detrital zircon U/Pb geochronology, DMA – detrital 
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muscovite 40Ar/39Ar geochronology, DMG – muscovite trace-element geochemistry. 
Triangles represent glacial deposits reported previously from the overlying Spechty Kopf 
Formation (Brezinski et al., 2010).  
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ANALYTICAL METHODS 
Medium- to coarse-grained sandstone samples were collected from eight outcrops 
spanning the upper Lock Haven Formation and the Catskill Formation in late 2017 and 
early 2018 (Figure 4). Thin sections from each sample were made by Spectrum 
Petrographics in Vancouver, Washington. Individual sand-sized detrital grains of 
muscovite and zircon were separated from the rock samples using conventional crushing 
and separation procedures at Bucknell University and Zirchron LLC in Tucson, Arizona. 
Zircon grains were mounted in 1” epoxy pucks and muscovite grains were mounted on 
plugs with carbon tape. Cathodoluminescence (CL) images of the detrital zircon pucks 
and backscatter electron (BSE) images of the muscovite plugs were taken at the Bucknell 
University Scanning Electron Microscopy lab. Thin sections were imaged using a 
reflected-light microscope at Bucknell University.  
Zircon separates were made from sandstones from six sample sites in ascending 
stratigraphic order, (Perryville, Haleeka, Powy’s Curve, Trout Run South, Trout Run 
North, and Steam Valley Lower, Figure 3, 4). Muscovite separates were made from 
sandstones from the six aforementioned sample sites and two stratigraphically higher 
sample sites (Steam Valley Upper and Red Hill; Figure 3, 4). Schist clasts suitable for 
geochemical analysis were identified in thin sections of sandstones from the Steam 
Valley Lower and Trout Run North sites.  
  Zircon EDS spectra of muscovite grains was taken in the Bucknell University 
SEM for preliminary major element analysis. Muscovite geochemical data and detrital 
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zircon U/Pb age data was collected using single-quadrupole Laser Ablation Inductively 
Coupled Plasma Mass Spectroscopy (LA ICP-MS) at the University of New Brunswick 
in Fredericton, New Brunswick. Ablation done in through Compex Pro 193 nm Argon-
Flourine excimer nanosecond Laser hooked up to a Laurin Technic ablation cell was fed 
through a signal smoothing device to an argon powered Agilant Technologies 7700 X-
Lense quadrupole ICP-MS with an electron multiplier detector. Two rotary pumps were 
used to increase vacuum in the ICP-MS, maximizing sensitivities for the medium to 
heavy range of the periodic table. For a more detailed description of the LA ICP-MS 
system used, refer to Dehnavi et al. (2018). CL images were used for spot selection in 
order to reduce discordance and to purposefully target the most recent growths in case of 
recycled zircon grains (Gehrels, 2014). CL images were also taken after analysis to 
document ablation sites. 24-micron-wide ablation of individual randomly selected zircon 
grains was done with an on-sample fluence of 3 J/cm2 for 30 seconds followed by a 30 
second gas blank at a repetition rate of 4 Hz. Muscovite geochemical analyses were done 
with a 60 micron spot size for an ablation time of 40 seconds followed by a 30 second gas 
blank at a fluence of 1.5 J/cm2 and a repetition rate of 3.5 Hz. Schistose muscovite in thin 
section was analyzed under the same conditions except with a spot size of 24 microns due 
to smaller grain size. Zircon standards used were FC1 zircon, Plesovice zircon, and NIST 
610 glass. External muscovite standards used were NIST 610 and 612 glass and BCR2G. 
Internal standards were Al and K values from EDS spectra previously collected on the 
Bucknell SEM. Analyses of external standards were dispersed every 15 unknown 
samples. Internal standards were used post-ablation for corrections. Tuning of the ICP-
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MS was done as a continuous raster of NIST 610 with a spot size of 33 microns at 10 Hz 
and a fluence of 3 J/cm2, monitoring Li, Co, Sn, and Pb for a representative range of 
masses. Post-processing of detrital zircon data was carried out in IgorPro with the 
VisualAge plugin. IgorPro with the Lolite extension was used for post-processing of 
muscovite geochemical data.  
U-Pb ages less than 80% discordant or more than 5% reverse discordant were not
included for analysis. 238U/206Pb ages were used for grains less than 1 Ga and 207Pb/206Pb 
ages for grains older than 1 Ga (Gehrels, 2012). Concordia diagrams and relative 
probability plots of detrital zircon data were plotted in Isoplot 4.15 and age peaks were 
determined using the Age Pick software program (Ludwig, 2003; Gehrels 2010).  
40Ar/39Ar ages were collected from muscovite separates from Steam Valley 
Lower, Trout Run North, and Red Hill site. Geochronological data was collected by Dr. 
Jeff Benowitz at University of Alaska - Fairbanks. Broussard et al. (2018) describes the 
data collection methodology. 40Ar/39Ar single grain fusion detrital muscovite 
geochronology was applied to each sample (Hodges et al., 2005). All of the detrital 
single-shot fusion technique muscovite grains analyzed did not fuse partially or 
completely. They inferred partial fusing is because they were stuck to the side of the 
copper tray well holes. They applied a 20% error filter to eliminate non-precise and 
partially and unfused grains. Approximately 120 muscovite grains were analyzed for each 
sample, and the results are plotted in a probability density diagram using the Isoplot 
program designed by Ludwig (2008). 
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Sedimentologic data were obtained from fossiliferous zones through bed-by-bed 
measured stratigraphic sections. Individual beds were measured at centimeter scale using 
a Jacob staff. Lithologies were denoted in terms of grain size, sedimentary structures, 
fossil content, bed geometry, and the nature of the bed contacts, as described in 
Broussard et al. (2018). Refer to the Table 1 for GPS coordinates of all samples and 
photographs of key sedimentologic features from the sample sites.  
SEDIMENTOLOGY 
Upper Devonian strata accumulated in alluvial and shallow coastal plains that 
transported sediment appraximately westward from the Acadian mountains (Figure 2; 
Ettensohn, 1985; Harper, 1999). The sedimentology of the upper Lock Haven and 
Catskill Formations exposed in the north-central Pennsylvania study area is consistent 
with previous sedimentological work done over the past few decades throughout the 
northeastern United States (Ettensohn, 1985; Faill, 1985; Sevon, 1985; Cotter and Driese, 
1998; Ver Straeten, 2009; Oest, 2015; Broussard et al., 2018). While Ettensohn, Faill, 
Sevon, and others originally considered the Catskill basin complex to be a series of 
prograding deltas, recent work (Cotter and Driese, 1998; Cressler et al. 2010; Oest, 2015) 
considers the basin to be a more complex distributive fluvial system, with proximal 
cyclical incising channels on an alluvial plain with poorly drained floodplains, and distal 
deltaic fronts prograding into the flooded continental interior as sediment load increased 
off of the orogenic highlands. This westward progradation of the terrestrial environment 
is represented in the 2 km-thick section of sampled stratigraphy that progressively spans 
shallow marine, coastal, and fluvial environments upsection.  
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Sample Site Sample Name GPS Coordinates
Red Hill RH 41.34435 N, 077.67989 W
Steam Valley Upper SVU 41.43376 N, 077.09771 W
Steam Valley Lower CG17-SVL1 41.43970 N, 077.09890 W
Trout Run North CG17-TRN1 41.42000 N, 077.06837 W
Trout Run South CG17-TRS1 41.39810 N, 077.06248 W
Powys CG17-PC2 41.34033 N, 077.07961 W
Haleeka CG17-HAL1 41.33073 N, 077.07202 W
Perryville CG17-PVL2 41.31806 N, 077.09329 W
Table 1. Sample names and GPS coordinates of sample sites. Refer to Figures 3 and 4 
for locations and lithologies of sample sites.
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This section describes the observed sedimentology and interpreted depositional 
environments from each sample site stratigraphically lowest to highest. Refer to Figures 3 
and 4, and Table 1 for the locations of sample sites, summary stratigraphic column, and 
sample names and GPS coordinates respectively. 
Perryville 
The stratigraphically lowest site, Perryville, is a road cut exposing shallowly-
dipping strata northeast of the borough of Perryville, PA. This site is part of the upper 
Lock Haven formation. The site exhibits primarily light-gray colored strata with 
brachiopod and crinoid fossils, horizontal stratification, symmetrical ripples, and flaser 
bedding, indicative of tidal processes (Figures 5, 6; Reineck and Wunderlich, 1968; 
Heckel, 1972). This documented sedimentology is consistent with prior interpretations of 
the Lock Haven as a series of gray interbedded mudstone and sandstone deposited in a 
foreland shallow marine setting (Dennison, 1985, Craft and Bridge, 1987, Slingerland 
and Loule, 1988). Perryville also displays what is interpreted as a highly altered volcanic 
ash layer (tephra), due to its yellow-tan color, clay composition, and uniform presence 
along strike on both sides of the road cut (Figures 5, 6). This is consistent with other 
regional Devonian tephra described in Ver Straeten (2009), as well as detrital zircon age 
data discussed later in this study.  
Haleeka 
The Haleeka site is a road cut west of the Haleeka campground, just north of the 
Perryville. Haleeka is mapped as part of the Irish Valley member of the Catskill 
18
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Figure 5. Representative portions of measured stratigraphic sections from each sample 
site showing key lithofacies associations. Refer to Figures 3 and 4 for section locations 
and members. Upper Steam Valley, Lower Steam Valley, and Trout Run North sections 
modified from Broussard et al. (2018).   
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 Figure 6 (A-C). Images from the Perryville sample site in the upper Lock Haven 
Formation showing A) Disarticulated brachiopod fossil lag, B) Flaser bedding showing 
symmetrically rippled sand with interbedded mudstone, and C) Interpreted volcanic ash 
(tephra). Refer to Figure 5 for measured section. 
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Formation (Figure 3). The outcrop exhibits alternating successions of lenticular red 
sandstone with tangential cross-stratification, heterolithic mudstone/sandstone with 
mudcracks, rootlets, and scours, and gray massive sharp-based sandstone with 
symmetrical ripples (Figure 5, 7). These are interpreted as tidally influenced fluvial-
estuarine channels/bars and flats influenced by minor changes in sea level. This is 
consistent with previous sedimentological interpretations of the Irish Valley Member as a 
tidally-influenced coastal environment (Van Tassel, 1996; Cotter and Driese, 1998).  
Powys 
The Powys site, is a road cut just north of Haleeka. Powys is part of the Sherman 
Creek Member of the Catskill Formation. Directions to the site are described in detail by 
Daeschler (2011), as well as interpreted sedimentology. Powys is comprised of 
interbedded 1-2 meter thick red sandstones and heterolithic sandstone/mudstone with 
symmetrical ripples, ripple-to dune-scale trough cross-stratification, and rootlets 
consistent with suspension fallout, streamflow, and pedogenesis in tidally-influenced 
fluvial channel-bar and floodplain environments that likely represent a more proximal 
tidally-influenced delta plain than the underlying Irish Valley Member (Figure 5, 8). 
Observed Powys sedimentology is consistent with detailed facies characteristics of the 
Sherman Creek Member described in Cotter and Driese (1998).  
Trout Run South 
Trout Run South is the lowest sample site in the Duncannon Member of the 
Catskill Formation. The site exhibits amalgamated packages of red lenticular trough 
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 Figure 7 (A-C). Images from the Haleeka sample site in the Irish Valley Member of the 
Catskill Formation showing A) thin, sharp-based sandstones (Sm) with symmetrical 
ripples and interbedded heterolithic strata (Hc), B) interbedded massive lenticular 
sandstone (Sml), heterolithic strata, and massive sandstone, and C) heterolithic strata atop 
gray, massive sandstones. Massive sandstones are interpreted to be fluvially deposited, 
with the lenticular sandstone cutting into heterolithic strata as fluvial channels on tidal 
flats, and the massive sandstone in image C as shallow marine. Image C best shows 
marine-nonmarine transition characterizing Irish Valley Member, as explained by Van 
Tassel (1996) and Cotter and Driese (1998). Refer to Figure 5 for measured section. 
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 Figure 8 (A-C). Images from the Powys sample site in the Sherman Creek Member of the 
Catskill Formation showing A) Meter-Scale, interbedded massive red sandstones (Sm) 
and heterolithic sandstone/mudstone facies (Hc), B) Rounded calcareous nodules 
interpreted as reworked caliche in sandstone, and C) Sharp-based sandstone with trough 
cross-stratification. Inclined dashed lines mark cross-stratification. Refer to Figure 5 for 
measured section. 
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cross-bedded sandstone with transported caliche nodules and fish fossil fragments and 
subordinate, more laterally persistent red mudstone with plant rootlets and pedogenic 
slickensides (Figure 5, 9). The inferred depositional processes are streamflow in sandy 
fluvial channels-bars and pedogenesis and suspension fallout during episodic floods on 
poorly-drained muddy vegetated floodplains. This interpretation is consistent with nearby 
Duncannon sedimentology done by Broussard et al. (2018) and general sedimentology of 
the Duncannon from Sevon (1985).  
 
Trout Run North, Lower Steam Valley, and Upper Steam Valley 
Trout Run North, Lower Steam Valley, and Upper Steam Valley are similar 
sedimentologically. All three sites are located within the Duncannon Member of the 
Catskill Formation, and display meters-thick amalgamated packages of red lenticular 
trough cross-bedded sandstone and subordinate red mudstone with plant rootlets and 
pedogenic slickensides. Deposition occurred by streamflow, suspension fallout, and 
pedogenesis in large sandy stream channels, point bars, and adjacent vegetated floodplain 
environments (Broussard et al., 2018). These sites are grouped independent of Trout Run 
South due to increased channel sandstone thickness representing larger scale fluvial 
systems (Figure 5, 10). 
Red Hill 
Red Hill is the uppermost site sampled and a laterally equivalent site representing 
the uppermost part of the Duncannon Member, and consequently, the entire Catskill 
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 Figure 9 (A-C) Images from the Trout Run South sample site in the Duncannon Member 
of the Catskill Formation showing A) laterally pinching massive sandstone (Sm) with 
adjacent trough cross-stratified sandstone (St) underneath mudstone (Fsm) with thin 
laminated fine-grained sandstone interbeds (Sl), B) fish-fossil lag in float, and C) 
lenticular massive sandstone (Sm) and adjacent trough cross bedded sandstone (St). Refer 
to Figure 5 for measured section. 
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 Figure 10 (A-C) Images from Trout Run North and Steam Valley Lower sample sites in 
the Duncannon member showing A) Massive sandstone with scours (traced by dashed 
white lines) from Trout Run North, B) Amalgamated packages of lenticular sandstone 
with trough cross bedding from Steam Valley Lower, and C) ~3 meter-thick massive 
sandstone package from Steam Valley Lower. Refer to Figure 5 for measured sections. 
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Formation. It has been heavily studied due to the discoveries of early river fish and 
tetrapod fossils (Daeschler, 2000; Daeschler et al. 2009). Detailed sedimentological 
studies demonstrate that Red Hill strata accumulated on sandy channels and a vegetated 
floodplain shaped by ponds and episodic crevasse splays (Cressler, 2006; Cressler et al. 
2010).  
 
DETRITAL ZIRCON U-PB GEOCHRONOLOGY 
Six coarse- to medium-grained sandstone samples were collected for detrital 
zircon U/Pb geochronologic analysis. Samples were collected at representative intervals 
throughout the Upper Devonian stratigraphy, denoted by stars on the geologic map and 
stratigraphic column with the annotation “DZ” (Figure 3, 4). 120 grains were analyzed 
per sample, with the exception of the stratigraphically lowest site, Perryville, where an 
additional 120 grains were analyzed. Refer to Table 2 for ages and U/Th ratios for all 
sampled detrital zircons.  
A total of 737 individual concordant detrital zircon grain analyses document Late 
Devonian though Archean ages, with primarily Neo-Mesoproterozoic (56% of all 
analyzed grains) and Silurian through Ordovician (16%) ages (Figure 11, 12, Table 2). 
Relative probability and histogram plots show three distinct age populations: 440-490 Ma 
(13.3%), 900-1200 Ma (46.3%), and 1300-1500 Ma (11%) (Figure 12). Minor 
populations include 368-420 Ma (4.1%) and 2500-3000 Ma (1.2%). The youngest and 
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Figure 11. (A-F). Concordia diagrams of analyzed detrital zircon ages from six detrital 
zircon sandstone samples generated in Isoplot. Ages were selected with a discordance 
filter between 80% discordance and 105% reverse discordance. Note that analyses for all 
samples are concordant within the range of uncertainty (red ellipses). Refer to Figures 3 
and 4 for locations and stratigraphic position of samples. 
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Figure 12. (A-F). Relative probability plots with histograms of detrital zircon ages for 
each sample site for all analyzed grains (left column) and Paleozoic components (right 
column); plotted in Isoplot (Ludwig, 2006). Peak ages were selected in the Age-Pick 
Program. Major Paleozoic and Grenville (900-1200 Ma) orogenic age populations are 
dominant. Detailed Paleozoic plots show distinct populations relating to the Acadian 
(350-420) and Taconic (440-490 Ma) orogenies. Acad. = Acadian. Minor pre-Grenville 
(>1200 Ma) ages are also present. Multiple sites display grain ages extending back to 
~2.8 Ga (A, B, E, and F). Refer to Figures 3 and 4 for locations and stratigraphic position 
of samples. 
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oldest individual grain ages are ~368 Ma and ~2921 Ma, respectively. 97% of detrital 
zircon grains have a U-Th ratio <10 (Figure 13).   
 Maximum depositional ages for detrital zircon geochronology are determined 
through the youngest three or more overlapping detrital zircon ages for statistical 
significance (Dickinson and Gehrels, 2009). This approach constrains the maximum 
possible age at which strata were deposited. The stratigraphically lowest site (Perryville) 
yields a 369 Ma maximum depositional age, constraining the age of the entire overlying 
2km succession (Figure 14). This detrital age population is the youngest zircon age 
documented in the sampled stratigraphy, and most zircon maximum depositional ages are 
significantly older. Based on previous palynological work (Traverse, 2003) and the 
presence of fish fossils at the uppermost sites (Steam Valley and Red Hill) that are only 
known from Devonian strata worldwide (Broussard et al. 2018), the uppermost sites were 
deposited by ~361-358.9 Ma (End Devonian, Walker et al., 2018). In summary, new 
detrital zircon and muscovite ages together with previously reported biostratigraphic data 
constrain the timing of deposition of the ~2-km thick stratigraphy to ~369 to ~359 Ma. 
 
DETRITAL MUSCOVITE 40AR/39AR GEOCHRONOLOGY 
Medium- to coarse-grained sandstone samples with abundant, sand-sized detrital 
muscovite were collected from the three stratigraphically highest sites, Trout Run North, 
Steam Valley, and Red Hill, denoted by “DMA” on Figure 4. Single-grain 40Ar/39Ar 
geochronology was performed on ~120 grains per sample, yielding a total of 341 grain 
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Figure 13. U/Th vs. U/Pb age plot for all analyzed detrital zircon grains. Note that most 
grains (97%) yield U/Th <10.  U/Th values <10-15 are consistent with an igneous origin, 
whereas higher values are considered metamorphic (Gehrels, 2011 and references 
therein).  
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Figure 14. (A-F). Plots of the youngest concordant detrital zircon ages for six Catskill 
Formation sandstones. Usage of three grains of overlapping errors (2σ) is preferred for 
maximum depositional ages based on established criteria (Dickinson and Gehrels, 2009). 
The youngest detrital zircon age cluster (369 ± 4 Ma) from the stratigraphically lowest 
sample (Perryville) constrains the maximum depositional age of the sampled stratigraphy. 
Refer to text for discussion. Refer to Figure 3 and 4 for sample locations and stratigraphic 
position. 
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ages. Detrital muscovite grains exhibit primarily Devonian ages (419-359 Ma, 92%), 
including abundant Late Devonian ages (383-359 Ma, 38%) (Table 3). Significant 
Middle Devonian (393-383 Ma, 22%), Early Devonian (419-393 Ma, 34%) and minor 
Silurian (444-419 Ma, 7%) populations are also present. Detrital muscovite age 
populations young systematically up-section (Figure 15). This age range is consistent 
with previously reported detrital muscovite ages from Upper Devonian strata in Ohio and 
New York that yielded a composite age range 371-406 Ma (Aronson and Lewis, 1994). 
However, this earlier study reports composite ages of many detrital muscovites analyzed 
together as opposed to single-grain fusion ages.  
 Detrital muscovite maximum depositional ages were calculated using the same 
criteria stated above for detrital zircon grains (three grains of overlapping error). Similar 
to relative probability age peaks, maximum depositional ages for the section young 
stratigraphically upwards (Trout Run North: 376 Ma; Lower Steam Valley: 366 Ma; Red 
Hill: 361 Ma), and populations are exclusively Late Devonian (Figure 16). Since these 
ages are millions of years younger than the sampled zircon maximum depositional ages 
in most cases, the detrital muscovite ages provide a better proxy for maximum 
depositional age. 
 
DETRITAL MUSCOVITE TRACE ELEMENT GEOCHEMISTRY 
Detrital muscovite grains and muscovite within detrital schist clasts exhibit 
considerable geochemical variations. Coarse-grained muscovite samples for geochemical 
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Figure 15. Overlaid normalized probability distribution plots of detrital muscovite 
⁴⁰Ar/³⁹Ar ages. Data are plotted in Isoplot. Note that the detrital age peaks young 
stratigraphically upsection. Brown rectangle represents the age range of detrital 
muscovites reported previously from Catskill Formation strata sampled in Ohio and New 
York (Aronson and Lewis, 1994). Figure modified from Broussard et al. (2018). Refer to 
Figures 3 and 4 for sample locations and stratigraphic position. 
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Figure 16. (A-C). Detrital 
muscovite ⁴⁰Ar/³⁹Ar age plots 
for the three uppermost 
sample sites. Refer to Figures 
3 and 4 for location and 
stratigraphic position of 
sample sites. Plots are 
arranged in stratigraphic 
order. Three grains of 
overlapping error were used; 
refer to text for discussion. 
Note that maximum 
depositional ages young up 
section. 
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analysis were collected at eight sample sites denoted by “DMG” on Figure 4. 
Incompatible element concentrations (Sn, Li, Cs, Ga, and Tl) were plotted against 
normalizing K/Rb values for both detrital and schistose muscovite grains (Figure 17, 18). 
Plots were modeled after those found in Wise and Brown (2010) and were created to try 
and distinguish different chemical populations of crystals. Incompatible elements in 
minerals, including muscovite, generally exhibit higher concentrations in igneous rocks 
compared to metamorphic rocks, due to fluid mobility (Winter, 2013). Muscovite 
formation in metasomatic metamorphic fluid will therefore have lower incompatible 
element values than muscovite formed from magmatic processes (Černý et al., 1985; 
Bebout et al., 1999). My results are consistent with this previously established 
observation. Schistose muscovite display lower incompatible element concentrations, 
~.1-100 ppm total, in accordance with their metamorphic provenance. Incompatible 
element concentrations in the sampled detrital muscovites range from values overlapping 
the schistose samples (1-10 ppm Sn, 10-100 ppm Li, 1-10 ppm Cs, 10-50 ppm Ga, 0.1-1 
ppm Tl) to generally 2 orders of magnitude higher. Between samples, there is a lack of 
upsection trends or grouping within the trace element plots indicating that the trace 
element geochemistry of muscovite bearing bedrock sources remained consistent 
throughout deposition.  
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 Figure 17. Cross-polarized thin section photomicrograph of Catskill Formation sandstone 
with foliated schistose lithic fragments (Lmm) and monocrystalline quartz grains. Sample 
is from the Trout Run South site (Figures 3, 4). Images taken with iPhone 8 through an 
Olympus BH2 microscope at 10X magnification.  
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Figure 18 (A-E). K/Rb vs. trace element 
plots of individual detrital muscovite 
grains (circles) and muscovite grains 
within schistose clasts (triangles) for 
various incompatible elements. Trace 
element concentrations are plotted on a 
logarithmic scale in Excel. Note that schist 
clasts generally yield lower trace element 
concentrations than detrital muscovite 
grains, and higher Li and Cs 
concentrations overlap previous granite-
pegmatite muscovite values. There is no 
grouping based on sample sites. 
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DISCUSSION 
Depositional Age  
Together, the new detrital zircon and muscovite ages combined with the 
biostratigraphic data confines deposition of the entire ~2 km of stratigraphy to a 
timescale of <14 m.y. (assuming maximum error; refer to Figure 14), accounting for 
error, implying a minimum sedimentation rate of ~0.14 mm/yr. Deposition of the 
stratigraphy was previously estimated to occur within ~20 Ma, with a sedimentation rate 
of ~0.1 mm/yr (Sevon and Woodrow, 1985). This new sedimentation rate is similar to 
documented modern sediment accumulation rates in Northeastern China and historic rates 
for the Himalayas (Meigs et al., 1995; Charreau, et al., 2005).  
The two uppermost sites, Steam Valley and Red Hill, exhibit maximum 
depositional ages (366 ± 4 and 361± 4 respectively) that fall within the depositional 
timescale established by the aforementioned U/Pb zircon, paleontological, and 
palynological data. Most notably, the ~361 Ma age from the uppermost site, in relation to 
a fossiliferous constraint of a minimum age of 359 Ma, suggests a <6 M.Y lag time 
(assuming maximum error) between cooling and deposition. This is indicative of rapid 
exhumation of bedrock sources, discussed below in the section “Exhumation of Bedrock 
Sources”. 
Sediment Provenance  
New detrital zircon and muscovite ages, together with previously reported 
bedrock ages, sandstone petrography, paleocurrent data, and lithofacies trends, permit 
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evaluation of the composition and location of sediment source terranes. Previous studies 
inferred Late Devonian sediment dispersal from bedrock sources east of north-central 
Pennsylvania from west-directed paleocurrent indicators and westward-fining lithofacies 
trends (Faill, 1985, Harper, 1999). Documented schistose, granitic, and sedimentary rock 
fragments within Catskill sandstones and conglomerates speak to the nature of these 
source terranes (Allen and Friend, 1968; Ver Straeten, 2009). The new detrital ages and 
geochemical compositions reported here support and refine this previous interpretation.  
Detrital Zircon Provenance 
Detrital zircon age populations from the sampled strata are consistent with an 
Appalachian provenance. All samples bear major detrital zircon age peaks corresponding 
to the Taconic (440-490 Ma) and Grenville (900-1200 Ma) orogenies that occurred on the 
Eastern margins of Laurentia (Drake, 1989; Rivers, 1997). Of 737 grains analyzed, 13% 
are Taconic age and 46% are Grenville age (Table 2). This signature broadly overlaps 
other Late Devonian Catskill and Catskill equivalent detrital zircon studies in New York 
and West Virginia (McLennan et al., 2001; Park et al., 2010) (Figure 19, 20). West 
Virginia Catskill Formation equivalent detrital zircon data show a similar signature, with 
primarily Taconic, Grenville, and pre-Grenville age populations, and minor Acadian and 
Gondwana populations (Park et al., 2010). In New York, Catskill Formation detrital 
zircon ages are almost exclusively confined to Grenville and Taconic populations 
(McLennan et al., 2001). However, given the small sample sized used (n=45), the 
presence of other minor populations cannot be ruled out. Along-strike provenance 
differences between New York, Pennsylvania, and West Virginia detrital zircon grains 
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Figure 19. Relative probability plot of zircon ages <1400 Ma from six detrital sandstones 
(this study, colored), two equivalent detrital samples from New York and West Virginia, 
and Appalachian bedrock sources. The 1400 Ma cutoff is due to the older populations not 
displaying major peaks and for better of the dominant age populations with significant 
provenance implications. Samples with >1400 Ma grains not plotted have an “N” value 
denoted as a fraction. Refer to Figure 20 for sample locations and their corresponding 
studies. Abbreviations: A. = Acadian; T. = Taconic; Є = Cambrian; S = Silurian; D = 
Devonian; C = Carboniferous; P = Permian; Mz = Mesozoic. 
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Figure 20. Map of approximate locations of matching muscovite and zircon bedrock ages, 
similar coeval detrital zircon studies, and Late Devonian paleocurrent data from Harper 
(1999) for the Commonwealth of Pennsylvania. Note that matching age areas are only 
from locations where the bedrock zircon or muscovite ages has been dated. 
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are minimal, suggesting similar sediment sources and foreland basin settings, consistent 
with previous models of the Acadian orogeny as a large-scale tectonic event that 
impacted the entire eastern margin of laurentia (Murphy and Keppie, 2005).  
A central-Pennsylvania detrital zircon study (Gray and Zeitler, 1997) sampled 
strata from the Silurian Shawangunk Formation and the Middle-Pennsylvanian Pottsville 
formation that predate and postdate Catskill deposition respectively. Catskill age 
signatures are consistent with their similar Appalachian foreland deposition. Silurian-age 
rocks have a dominantly Grenville zircon signature, which is present in the Devonian 
Catskill (my data) and again in the Middle-Pennsylvanian Pottsville. In addition, 
Pottsville rocks also bear significant Taconic-age zircons, as well as minor pre-Grenville 
and Acadian-ages, similar to my Late-Devonian data.  
Overall, this confirms that the Taconic- and Grenville-age zircon grains represent 
the significant sediment sources to Catskill foreland basin, and are consistent with coeval 
detrital zircon studies and a general Appalachian foreland basin signature from the 
Silurian through the middle-Pennsylvanian. 
Relative probability age peaks from the sampled strata match zircon ages reported 
from bedrock exposed northeast, east, and southeast of north-central Pennsylvania in 
Connecticut, New Jersey, southeastern Pennsylvania, and Delaware (Figure 19, 20) 
(Sevigny and Hanson, 1993; 1995, Aleinikoff et al., 2002; 2006; Walsh et al., 2004; 
Volkert et al., 2010). These bedrock sources range from intrusive igneous to high- and 
low-grade metamorphic rocks that match previously reported Catskill lithic grains and 
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record cooling histories that may be reflective of bedrock sources that were eroded and 
transported westward into the Appalachian basin during Late Devonian time (Allen and 
Friend, 1968; Ver Straeten, 2009).  
A minor population of Acadian detrital zircon ages (350-420 Ma, 4%) suggests 
that zircon that crystallized during the Acadian orogeny also contributed sediment to the 
basin, either directly from Acadian igneous/metamorphic sources or recycled from 
sedimentary strata in the proximal part of the foreland basin. Other minor populations 
point towards complex histories of sedimentary recycling. Grains bearing Gondwana 
(530-750 Ma, 4%), Granite-Rhyolite (1300-1500 Ma, 11%), Mid-Continent (1600-1900 
Ma, 4%) and Superior (2600-2800, 1%) orogenic ages, visible in Figure 12, suggest 
sediment transport towards the eastern margin of Laurentia was occurring prior to the 
Acadian orogeny, and emplaced grains in recycled sedimentary or bedrock sources that 
were subsequently shed into the Catskill basin during Acadian time. Low U/Th ratios 
(97% < 10), indicate detrital zircon grains are almost entirely igneous in origin (Figure 
13; Gehrels, 2012). This measurement does not factor in the secondary sedimentary or 
metamorphic recycling, which does not affect U/Th ratios. However, the low U/Th ratios 
in this dataset that imply possible recycling are consistent with sandstone petrography 
and new muscovite geochemical data documenting sedimentary and metamorphic 
bedrock sources as well (Allen and Friend, 1968; Ver Straeten, 2009; Oest, 2015).  
Additionally, the ~369 Ma detrital zircon ages at the base of the section prompt 
further explanation. They appear too young to have reached a closure temperature in the 
subsurface at ~800℃, and have been exhumed and deposited in the basin on such a short 
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timescale relative to muscovite and biostratigraphic data from the overlying stratigraphy. 
Thus, I interpret them to be volcanic in origin. This interpretation is strengthened by the 
presence of a weathered volcanic ash layer a few meters above the sample location at the 
Perryville sample site (Figure 5, 6), and similar documented Upper Devonian ash 
deposits and volcanic clasts within the Catskill Formation (Allen and Friend, 1968; Ver 
Straeten, 2009). Dating the ash deposit specifically at the Perryville site is necessary to 
confirm this assumption, however given the aforementioned supplemental evidence, this 
would imply that true deposition of the lowermost sample site is ~369 Ma. 
 
Detrital Muscovite Provenance 
Detrital muscovite populations are also consistent with an Appalachian origin.  
The detrital muscovites have chiefly Devonian 40Ar/39Ar ages that record cooling of the 
sampled minerals through the closure temperature of ~400 °C (Harrison et al., 2009), 
(350-420 Ma, 93%) (Figure 15). These 40Ar/39Ar detrital ages overlap igneous K/Ar and 
metamorphic 40Ar/39Ar muscovite ages reported previously from bedrock sources in 
Southeastern New York, Southeastern Pennsylvania, Maryland, and Delaware (Figure 20, 
21; Long and Kulp, 1962; Wintsch et al., 1996, 2010; Kunk et al., 2005, Blackmer, Gail, 
2018, unpublished data). These bedrock sources also have matching lithologies to 
previously documented Catskill lithic fragments (Allen and Friend, 1968; Ver Straeten, 
2009). The Southeastern New York-New Jersey-Connecticut region appears as the ideal 
location for a modern analogue of a Catskill basin sediment source given matching 
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Figure 21. Relative probability plot of muscovite ages from the three detrital samples 
with errors and Appalachian metamorphic bedrock sources. Note: ages are Ar/Ar “best” 
ages from bedrock samples and do not include error, with the exception of the Manhattan 
Prong, which is K/Ar analysis with error. Refer to Figure 20 for approximate locations of 
hinterland bedrock samples and references for bedrock ages. 
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muscovite and zircon bedrock ages and alignment with westward-oriented paleocurrents 
that point towards the study area. 
The incompatible element geochemistry of detrital and schistose muscovite grains 
also suggests that muscovite-bearing bedrock sources contributing sediment to the basin 
were generated from both igneous and metamorphic processes. Incompatible element 
concentrations in detrital muscovite grains overlapping values from muscovite within 
schistose clasts suggests metamorphic provenance, and values from other detrital samples 
with incompatible element concentrations orders of magnitude higher suggests distinctly 
different igneous provenance (Figure 18). Wise and Brown (2010) describe muscovite 
grains from granites and pegmatites in Maine under a similar Permian tectonic setting 
that exhibit chiefly higher Li and Cs concentrations (>10 and >100 ppm respectively) and 
lower K/Rb values (<200) that overlap a significant portion of my detrital samples and 
plot separately from my schistose samples. Higher incompatible element values are 
consistent with cooling from a melt due to enrichment from fractional crystallization, 
whereas incompatible element concentrations are relatively poor in metamorphic 
minerals forming from hydrothermal fluid. However, determining an accurate percentage 
of igneous or metamorphic grains is difficult, as the detrital population displays a 
continuous range from low to high incompatible element concentrations with no 
discernable population groups. It is impossible to determine with my current data 
individual incompatible element concentration values that function as a separator of 
igneous or metamorphic origin. Nevertheless, the large range of incompatible element 
values with no discernable grouping for all detrital samples that overlap schistose and 
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pegmatitic/granitic values suggests that a multitude of igneous and metamorphic 
muscovite bearing bedrock sources with a consistent range of trace element chemistries 
continuously contributed sediment to the foreland basin throughout the <14 M.Y of 
deposition. 
 Overall, new detrital muscovite and zircon ages and geochemical data suggest 
provenance from igneous and metamorphic bedrock near Southeastern New York that 
represent modern analogues of bedrock source terranes that are consistent with previous 
paleocurrent data and sandstone petrography.  
 
Exhumation of Bedrock Sources 
Further differences exist between detrital muscovite samples and hinterland 
bedrock bearing muscovite that is indicative of active Acadian tectonics influencing 
deposition of Catskill basin sediments. Rates of cooling between muscovite closure 
temperature and deposition in the basin for the youngest detrital muscovite samples are 
extremely rapid — much faster than hinterland bedrock sources also exhibiting Upper 
Devonian muscovite (Figure 22; Wintsch et al., 2010, Proctor et al. 2013). The maximum 
depositional ages for the three detrital muscovite 40Ar/39Ar geochronology samples imply 
extremely short lag times between cooling, exhumation, and deposition in the studied 
strata. For the stratigraphically youngest site, Red Hill, the lag time between cooling and 
deposition is less than 6 m.y, accounting for maximum error. Muscovite cooling and 
deposition on such a short time scale suggests that active orogenesis was exhuming the 
bedrock sources at rapid rates. This is comparable to muscovite lag times associated with 
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Figure 22. Approximate Temperature-Time diagram comparing ⁴⁰Ar/³⁹Ar detrital 
muscovite ages from this study (stars) and hinterland bedrock samples (Wintsch et al, 
2010; Proctor et al. 2013). Detrital muscovite samples are the mean of the three youngest 
grains from the three stratigraphically highest sandstone samples. Hinterland glaciation 
from Brezinski (2010) and depositional timescale of the sampled stratigraphy are also 
plotted. Note steep cooling curves (brown dashed lines) of detrital muscovite samples. 
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the modern-day Himalayas, and the similar collisional tectonic setting of the Acadian 
orogeny suggests equally rapid uplift rates were occurring (Copeland and Harrison, 1990; 
Ruhl and Hodges, 2005; White et al., 2002).  
These rapid uplift rates are also consistent with a previously suggested Late 
Devonian orogenic pulse and uplift (Keppie and Dallmeyer, 1995; Murphy and Keppie, 
2005; Blakey, 2008). Keppie and Dallmeyer (1995) and Murphy and Keppie (2005) 
present evidence for ~10 km of rapid Acadian exhumation from 370-360 Ma, which 
aligns with the deposition of the sampled stratigraphy and <6 m.y lag times for detrital 
muscovite. In addition, the younging-upsection detrital muscovite populations imply 
continued exhumation and exposure of primary muscovite bedrock sources during the 
orogeny. I infer that during the <14 m.y. of deposition of the 2 kilometers of strata, 
continued plate convergence and terrane collision (i.e. Acadian orogeny) prompted rapid 
exhumation of muscovite-bearing igneous and metamorphic bedrock sources that were 
transported westward into the foreland basin.  
In addition, the depth of emplacement of muscovite-bearing bedrock sources can 
influence exhumation rates. While exhumation did occur on a short timescale (<6 m.y), 
the rates may vary depending on the lithology of the bedrock sources. Primary igneous 
muscovite can be formed at depths of over 10 km, whereas low-grade metamorphic facies 
can range from 5-15 km, high grade facies up to ~25-30 km, and pegmatitic igneous 
bodies can be shallowly emplaced at depths as little as 5 km (Miller et al., 1981; Winter, 
2013). Lag times between muscovite cooling at depth and deposition in the basin are 
consequently dependent on the source lithology. This 5-30 km depth range implies 
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exhumation rates for the youngest detrital muscovites between ~0.8 mm/y and ~5 mm/y, 
which is consistent with exhumation rates suggested by Keppie and Dallmeyer (1995) 
and Murphy and Keppie (2005), and from Himalayan detrital muscovites under a similar 
collisional tectonic setting (Vance et al., 2003; Lang et al., 2016).  
While a more precise estimate of exhumation rates cannot be obtained with the 
available data, the similarly short lag times nevertheless suggest that the exhumation was 
indeed influenced by tectonic forces. Together, the new datasets require exhumation and 
erosion of both metamorphic and igneous rocks that were likely emplaced at diverse 
depths. 
Tectonic Influences on Deposition and Recycling 
Detrital muscovite populations young upsection to approach true depositional 
ages in some cases, implying increased unroofing and active exhumation of Acadian 
bedrock sources in the fold-thrust belt. This active exhumation and cratonward migration 
of the fold-trust belt as the orogeny progresses is directly tied with unroofing of the 
wedge-top depositional zone and adjacent fold-thrust belt (DeCelles and Giles, 1996). 
Unroofing of older sedimentary rocks in the fold-thrust belt and wedge-top depozone 
offers an explanation for the anomalous grains not affiliated with Eastern North 
American terrane accretion. Detrital zircons >1400 Ma that do not match the ages of 
bedrock sources exposed in the Appalachian region may have been sourced from 
northern or western inboard sources within the craton, transported eastward prior to the 
Acadian orogeny, incorporated into the fold-thrust belt/wedge-top depozone, and 
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recycled into the foreland basin.  This scenario is consistent with several previous studies 
that invoke recycling of detrital zircons (Gray and Zeitler, 1997; Park et al., 2010). This 
accounts for the presence of ~3 Ga detrital zircon grains in multiple samples in this study. 
These grain ages are associated with the Canadian Shield and were unable to have been 
deposited in the Upper Devonian fluvial channels of the Catskill formation directly from 
their source, given the existing paleocurrent data (Kard, 1990). Previously documented 
and observed sedimentology of the Central-Pennsylvania Catskill basin strata are 
consistent with deposition in the foredeep depositional zone, given the thickness of the 
sediment package, lack of documented progressive unconformities (growth strata), lack 
of alluvial strata, and the interpreted fluvial to shallow marine depositional environments 
with large deltas fed from axial river systems (DeCelles and Giles, 1996). 
 
Implications for Regional Tectonics and Glaciation 
End-Devonian diamictite facies of the Spechty Kopf formations in Eastern 
Pennsylvania suggest glaciation in an otherwise tropical depositional environment 
(Brezinski et al., 2010). These laterally extensive (>400 km) glacial deposits are 
attributed to latest-Devonian global cooling (Kaiser et al., 2006). However previous work 
and the <6 m.y lag times of detrital muscovite suggest that rapid rates of Acadian 
exhumation and uplift were occurring between 370 and 360 Ma. This uplift may have 
influenced the formation of glaciers. Recent work by Macdonald et al. (2019) suggests 
that rapidly rising island arc mountain belts can prompt global cooling through the 
exposure of mafic crustal rock. While the Acadian was a continental collision, increased 
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uplift could have exposed older Taconic-aged arc-related mafics. This is supplemented by 
our significant Taconic-age detrital zircon signature, indicating that there was exposure of 
Taconic-age rocks in the Late Devonian, albeit of unknown lithology. However, Murphy 
and Keppie (2005) and Blakey (2008) describe a late pulse of Acadian orogenesis and 
uplift beginning between 375-370 Ma that supplements this conclusion. Rapid rates of 
crustal cooling and exhumation from detrital muscovite bedrock sources during the active 
collisional orogeny independently suggest that rapid rates of mountain building and uplift 
were occurring. These possible rapid rates of uplift, comparable to those of the modern-
day Himalayas, may have prompted alpine glaciation through exposure of Taconic-age 
mafics and topography ascending into higher altitudes. These glaciers would flow into 
the foreland basin where their deposits in the Spechty Kopf formation remain today, 
matching the interpretation of merged lowland glaciers by Brezinski (2010; Figure 23). 
While the deposits are not from the orogenic highlands themselves, the <6 m.y lag time 
between Red Hill muscovite cooling and deposition and the beginning of Spechty Kopf 
deposition is synchronous, and such a correlation between rapid uplift and the formation 
of glaciers is implied. Glaciation may have enhanced erosion and prompted rapid 
exhumation in the Acadian orogenic belt. 
A modern analog is the St. Elias Mountains of southeastern Alaska where recent 
thermochronologic studies document focused extreme, rapid, and deep‐seated 
exhumation of glaciated bedrock along the suture zone between an actively accreting 
terrane (Yakutat terrane) and North America (Enkelmann et al., 2015; Gulick et al., 
2015).  More comprehensive thermochronologic data are needed to determine whether a 
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Figure 23. Generalized paleogeographic map showing latest-Devonian to earliest-
Carboniferous Spechty Kopf Formation glacial deposits (diamictites) modified from 
Brezinski et al. (2010) with the Catskill Formation sampled area from this study added. 
Note that Spechty Kopf Formation glacial deposits are interpreted as merging lowland 
glaciers originating from an alpine source in the orogenic highlands. 
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similar coupled glacial-tectonic scenario shaped the Late Devonian Appalachian orogenic 
belt.  
The association of glaciation and rapid uplift rates is visualized in Figure 22, 
where Catskill Formation detrital muscovite cooling and deposition is plotted on a 
temperature-time diagram with timing of Spechty Kopf glaciation. This orogenic pulse is 
consistent with previous work and offers an explanation for the sudden appearance of 
subtropical glacial deposits in central Pennsylvania. 
However, it goes without saying that future work on the detrital mineral ages of 
the Spechty Kopf itself must be done in order to draw more concrete conclusions. Similar 
single-grain geochronological and geochemical data from the Spechty Kopf itself would 
help supplement these interpretations. Nevertheless, this uplift offers a suitable 
explanation for the presence of glaciation in proximity to the otherwise warmer sub-
equatorial depositional setting of the Late Devonian foreland basin. 
 
CONCLUSIONS 
New sedimentologic, geochronologic, and geochemical data from a >2-km-thick 
Upper Devonian sedimentary succession in north-central Pennsylvania provide improved 
constraints on maximum depositional ages, depositional environments, and provenance 
of strata in the Appalachian foreland basin. Lithofacies analyses document distinct 
upsection facies changes representing a transition from nearshore marine and estuarine 
environments above the fairweather wave-base to fluvial channel-bar systems with poorly 
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drained floodplains. Strata low in the section exhibit flaser bedding, light gray coloration, 
brachiopod fossils, and symmetrical ripples indicative of nearshore wave and tidal 
processes. Strata higher in the section exhibit lenticular sandstones with cross-
stratification and fish fossil lag, and fine-grained mudstone with mudcracks and rootlets 
that reflect streamflow, suspension fallout, and pedogenesis in channel-bar and floodplain 
environments. Deposition of the sampled stratigraphy spanned <14 million years (<373 
Ma to >359 Ma), several million years briefer than previously recognized, based on new 
detrital zircon and muscovite geochronologic data together with previously reported 
biostratigraphic constraints (Devonian fossil vertebrates and palynomorphs).  
Sediment was eroded from both igneous and metamorphic bedrock sources 
exposed to the east of the foreland basin judging from new geochronologic and 
geochemical data from detrital zircon and muscovite. This interpretation is consistent 
with previously reported westward fining of strata, west-directed paleocurrent indicators, 
and sandstone compositional data. Sediment originated from both active Acadian (420-
350 Ma) orogenic sources and primarily older Taconic (440-490 Ma) and Grenville (900-
1200 Ma) sources based on new U/Pb detrital zircon and 40Ar/39Ar detrital muscovite 
geochronology. These detrital ages match previously reported eastern crystalline bedrock 
ages that exhibit compositions matching lithic grains found within the Catskill formation. 
Chiefly Devonian detrital muscovite populations young upsection, implying continued 
exhumation of these bedrock sources throughout the Acadian orogeny. The oldest detrital 
zircon grain ages extend back to ~3 Ga, indicating sediment recycling from unroofing in 
the wedge-top depozone and deposition in the forebulge depozone, consistent with 
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previous and new sedimentology matching general foreland basin dynamics. The 
youngest detrital muscovite grains imply a <6 million year lag time between cooling and 
the minimum age of deposition derived from biostratigraphic data, implying rapid 
exhumation and erosion of hinterland bedrock sources. Exhumation rates vary depending 
on the lithology of the source of the sampled micas. Shallow intrusions such as 
pegmatites would display exhumation rates much lower than high-grade metamorphic 
rocks formed deeper in the crust. Estimates for exhumation rates for the youngest detrital 
muscovites range from 0.8 mm/yr to 5 mm/yr, consistent with previous estimates for the 
Acadian during the depositional period and modern-day rates from the Himalayas. 
While multiple regions exhibit bedrock with both matching zircon ages, 
muscovite ages, and lithologies to Catskill basin sediments, the Southeastern New York-
New Jersey-Connecticut region is directly aligned with documented paleocurrent trends 
and represents a modern analog of the source rock lithologies and locations that 
contributed sediment to the Catskill basin strata in this study. The inferred rapid 
exhumation and erosion of these bedrock sources from the collisional Acadian orogeny is 
consistent with previously documented regional glaciation recorded in latest Devonian 
proximal foreland basin deposits. Latest Devonian global cooling, also occurring at the 
time, coupled with Acadian uplift may have prompted the formation of glaciers in the 
orogenic highlands.  
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APPENDICES 
89
U (ppm) U/Th 206Pbcps/ %Pb* 207Pb/ 2σ 206Pb/ 2σ err. 207Pb/ 2σ 207Pb/ 2σ 206Pb/ 2σ %conc
204Pbcps 235U 238U corr. 206Pb 235U 238U Best Age ±
Steam Valley (Ma) (Ma)
SVL - 67 807 4.34 23 41.15 0.430 0.310 0.032 0.003 0.772 2580 310 430 170 202 21 47.0 202 21
SVL - 111 388 0.27 412 95.16 0.716 0.023 0.056 0.001 0.029 1446 63 547 13 353 7 64.6 353 7
SVL - 96a 943 1.98 5967 99.17 0.526 0.020 0.063 0.002 0.019 617 66 433 12 398 11 92.0 398 11
SVL - 86 408.2 1.68 1259 99.20 0.578 0.015 0.069 0.001 0.113 598 58 462 10 430 7 93.1 430 7
SVL - 56 1155 2.99 63700 99.68 0.541 0.009 0.069 0.001 0.132 469 33 439 6 431 7 98.1 431 7
SVL - 85 221.7 1.55 752 99.60 0.561 0.018 0.070 0.001 0.149 487 71 452 12 437 8 96.7 437 8
SVL - 115 479.9 1.40 6575 99.74 0.545 0.013 0.071 0.001 0.327 419 47 441 8 441 8 100.0 441 8
SVL - 66 617 1.58 1655 99.74 0.549 0.014 0.072 0.002 0.514 417 46 445 9 446 10 100.3 446 10
SVL - 47 230.4 1.55 1746 99.76 0.562 0.021 0.072 0.001 0.227 431 76 451 13 451 8 99.9 451 8
SVL - 18 703.3 2.88 45040 99.64 0.572 0.011 0.073 0.001 0.029 489 45 459 7 451 8 98.4 451 8
SVL - 73 294.1 1.51 2427 99.92 0.545 0.014 0.073 0.001 0.110 369 55 441 9 452 8 102.5 452 8
SVL - 33 106.2 1.42 527 99.73 0.566 0.027 0.073 0.002 0.214 410 110 454 17 455 10 100.2 455 10
SVL - 14 288.6 2.53 18460 99.70 0.564 0.015 0.073 0.001 0.145 447 62 453 10 456 9 100.6 456 9
SVL - 45 102.5 2.98 5380 100.12 0.547 0.025 0.074 0.002 0.138 337 98 443 17 459 11 103.5 459 11
SVL - 110 374 1.74 24050 99.78 0.574 0.017 0.074 0.001 0.189 439 66 460 11 461 8 100.2 461 8
SVL - 35 188.2 3.49 11310 99.68 0.581 0.018 0.074 0.001 0.294 460 63 463 12 461 9 99.6 461 9
SVL - 100 135.7 1.08 1337 99.80 0.694 0.022 0.088 0.002 0.182 469 70 533 13 545 10 102.2 545 10
SVL - 99 321.1 1.33 1007 99.05 0.818 0.020 0.091 0.002 0.239 760 50 605 12 561 10 92.7 561 10
SVL - 117 113.4 0.93 8392 99.73 0.791 0.028 0.096 0.002 0.357 548 70 588 16 591 11 100.5 591 11
SVL - 29 379.6 1.37 31610 99.73 0.860 0.017 0.102 0.002 0.169 622 40 629 9 629 10 99.9 629 10
SVL - 96 217.2 3.67 20750 98.96 1.058 0.050 0.111 0.003 0.290 874 96 730 25 680 15 93.2 680 15
SVL - 26 422.9 3.66 1959 99.72 1.183 0.021 0.130 0.002 0.373 799 32 792 10 789 13 98.9 789 13
SVL - 13 1579.5 13.55 13719 99.54 1.452 0.019 0.146 0.002 0.405 993 21 910 8 879 13 87.5 879 13
SVL - 27 59.6 2.36 650 99.19 1.446 0.054 0.149 0.003 0.319 903 78 904 23 893 17 99.1 893 17
SVL - 90 28.48 0.96 3952 99.53 1.759 0.084 0.175 0.004 0.312 925 95 1017 31 1039 23 118.3 925 95
SVL - 105 107.1 2.52 13410 99.45 1.507 0.042 0.155 0.003 0.165 914 57 932 17 930 16 96.8 930 16
SVL - 114 101.5 1.60 13940 99.58 1.636 0.048 0.167 0.003 0.263 932 64 980 19 1001 17 108.8 932 64
SVL - 77 476 2.89 49000 99.53 1.571 0.027 0.156 0.003 0.293 996 32 958 11 934 15 94.2 934 15
SVL - 70 115.85 2.52 14630 99.51 1.520 0.039 0.156 0.003 0.197 930 49 935 16 936 16 101.4 936 16
SVL - 107 251 5.90 33280 99.77 1.657 0.033 0.168 0.003 0.281 954 37 990 13 1002 16 106.3 954 37
SVL - 30 535 7.63 4375 99.60 1.610 0.025 0.160 0.003 0.346 1010 26 973 10 957 15 94.5 957 15
SVL - 38 573.9 5.88 13000 99.75 1.593 0.024 0.160 0.003 0.584 985 24 968 10 958 15 97.2 958 15
SVL - 21 152.2 4.66 20330 99.53 1.638 0.037 0.163 0.003 0.392 1003 41 982 14 971 16 97.2 971 16
SVL - 68 168 2.36 23000 99.57 1.613 0.049 0.163 0.003 0.468 958 58 973 19 972 19 97.2 972 19
SVL - 4 98.3 1.74 14110 99.60 1.700 0.041 0.171 0.003 0.287 976 47 1005 16 1019 17 105.3 976 47
SVL - 53 55.96 0.61 7440 99.32 1.685 0.053 0.168 0.004 0.188 977 68 997 21 1002 20 104.2 977 68
SVL - 76 139.7 2.47 1597 99.65 1.700 0.037 0.170 0.003 0.285 977 42 1006 14 1012 16 105.1 977 42
SVL - 89 117.38 2.86 16110 99.62 1.704 0.039 0.170 0.003 0.256 977 45 1007 15 1014 17 105.3 977 45
SVL - 57 166.7 2.18 5680 99.64 1.694 0.034 0.170 0.003 0.246 982 40 1004 13 1011 17 103.9 982 40
SVL - 2 113.2 1.72 3935 99.49 1.644 0.042 0.165 0.003 0.121 985 53 984 16 982 17 99.6 982 17
SVL - 25 47.06 1.88 533 99.28 1.666 0.054 0.165 0.004 0.131 1009 67 992 22 985 19 97.9 985 19
SVL - 95 141.9 1.47 19690 98.97 1.827 0.045 0.167 0.004 0.533 1172 42 1054 17 995 20 84.1 995 20
SVL - 23 107.6 2.82 13380 99.44 1.698 0.054 0.168 0.004 0.107 1015 75 1006 21 999 23 98.9 999 23
SVL - 34 102.75 6.01 7075 99.35 1.720 0.045 0.168 0.003 0.152 1028 52 1012 17 1000 18 98.1 1000 18
SVL - 83 60.6 2.85 7460 99.43 1.757 0.091 0.172 0.005 0.416 1001 99 1023 34 1021 27 95.4 1001 99
SVL - 88 253.9 3.39 33630 99.70 1.699 0.030 0.168 0.003 0.287 1001 33 1007 11 1003 16 98.9 1001 33
SVL - 62 299.1 4.09 39570 99.73 1.703 0.037 0.168 0.003 0.532 1003 36 1008 14 1003 17 99.0 1003 36
SVL - 118 39.94 1.03 5572 99.35 1.806 0.063 0.177 0.004 0.302 1008 70 1043 24 1048 20 106.3 1008 70
SVL - 65 227 5.40 2548 99.67 1.724 0.033 0.170 0.003 0.312 1010 33 1016 12 1013 16 98.8 1010 33
SVL - 11 78.8 1.18 796 99.57 1.817 0.048 0.179 0.004 0.192 1022 52 1050 18 1060 20 104.7 1022 52
SVL - 28 229.7 3.47 10730 99.69 1.758 0.030 0.173 0.003 0.109 1035 33 1030 11 1026 16 99.2 1035 33
SVL - 48 479 7.40 66000 99.78 1.791 0.030 0.175 0.003 0.624 1036 25 1041 11 1040 17 99.0 1036 25
SVL - 49 150.9 2.36 21060 99.55 1.806 0.043 0.176 0.003 0.376 1040 41 1044 15 1044 16 101.2 1040 41
SVL - 69 322.8 2.28 46900 99.73 1.857 0.032 0.180 0.003 0.297 1047 30 1064 11 1066 16 102.9 1047 30
SVL - 39 1094 3.78 33540 99.79 1.785 0.028 0.174 0.003 0.224 1051 29 1039 10 1033 16 98.3 1051 29
SVL - 1 297.9 1.98 3574 99.68 1.742 0.028 0.170 0.003 0.334 1058 27 1024 10 1013 15 94.9 1058 27
SVL - 50 83.07 1.55 11850 99.43 1.852 0.049 0.177 0.003 0.235 1064 52 1062 18 1052 18 99.9 1064 52
SVL - 42 529.9 8.85 7560 99.73 1.817 0.024 0.175 0.003 0.399 1069 23 1051 9 1040 16 97.4 1069 23
SVL - 71 590 5.50 85800 99.78 1.858 0.025 0.178 0.003 0.383 1070 22 1066 9 1058 16 99.4 1070 22
SVL - 20 114.3 2.01 1663 99.40 1.799 0.043 0.173 0.003 0.301 1073 46 1044 16 1026 18 95.8 1073 46
SVL - 109 523.7 2.90 9538 99.78 1.917 0.027 0.183 0.003 0.309 1079 24 1086 9 1086 16 98.8 1079 24
SVL - 46 91.4 4.07 760 99.74 2.037 0.081 0.195 0.006 0.472 1080 73 1125 28 1147 32 107.4 1080 73
SVL - 87 176.3 2.80 5043 99.84 2.109 0.045 0.199 0.004 0.318 1100 38 1150 14 1168 19 107.9 1100 38
SVL - 120 67.7 3.58 771 99.10 1.920 0.062 0.179 0.004 0.170 1105 67 1081 22 1060 21 97.5 1105 67
SVL - 74 131.21 2.83 22120 99.77 2.256 0.050 0.210 0.004 0.261 1122 41 1196 15 1229 20 111.7 1122 41
SVL - 104 185.9 1.66 28960 99.69 2.088 0.043 0.195 0.003 0.291 1123 36 1142 14 1149 18 103.2 1123 36
SVL - 97 240.2 1.87 4576 99.64 2.043 0.041 0.190 0.003 0.370 1127 34 1128 13 1122 17 99.6 1127 34
SVL - 84 233 3.29 1984 99.74 2.125 0.053 0.198 0.004 0.371 1129 45 1155 17 1163 20 104.2 1129 45
SVL - 101 168 0.95 2096 99.80 2.194 0.040 0.204 0.004 0.384 1131 32 1177 13 1196 19 107.2 1131 32
SVL - 44 141.5 2.82 7340 99.55 2.071 0.047 0.193 0.004 0.335 1133 41 1138 16 1136 19 99.1 1133 41
SVL - 78 322.1 1.78 2482 99.70 2.052 0.033 0.191 0.003 0.448 1135 26 1132 11 1124 17 99.7 1135 26
SVL - 116 430 2.45 11227 99.87 2.149 0.030 0.199 0.003 0.507 1145 22 1164 10 1170 18 102.9 1145 22
SVL - 31 191.4 8.49 26620 99.40 1.974 0.044 0.182 0.004 0.553 1147 38 1104 15 1076 20 94.2 1147 38
SVL - 37 80.1 3.47 12440 99.25 2.088 0.056 0.191 0.004 0.126 1160 55 1143 19 1126 19 97.8 1160 55
SVL - 58 372.6 1.92 11672 99.68 2.106 0.031 0.193 0.003 0.288 1160 25 1150 10 1138 17 98.7 1160 25
SVL - 98 429.9 5.04 67030 99.71 2.125 0.031 0.195 0.003 0.409 1161 23 1156 10 1148 17 99.4 1161 23
SVL - 93 774.9 3.20 122700 99.84 2.169 0.028 0.199 0.003 0.472 1163 18 1171 9 1171 17 101.2 1163 18
SVL - 80 188 18.50 29130 99.56 2.139 0.043 0.195 0.004 0.469 1169 33 1159 14 1148 20 98.9 1169 33
SVL - 102 224 0.72 5608 99.61 2.138 0.039 0.195 0.003 0.401 1170 30 1159 13 1150 18 98.7 1170 30
SVL - 52 150.2 2.40 24060 99.59 2.211 0.049 0.201 0.004 0.500 1171 38 1181 16 1180 22 98.0 1171 38
SVL - 12 57.8 0.77 1230 99.39 2.219 0.063 0.202 0.004 0.280 1171 56 1182 20 1185 22 102.3 1171 56
SVL - 6 599.3 3.08 10456 99.72 2.104 0.030 0.194 0.003 0.442 1173 21 1149 10 1142 17 96.7 1173 21
SVL - 94 126.1 2.37 735 99.16 1.970 0.053 0.179 0.003 0.237 1180 56 1103 18 1062 18 89.7 1180 56
SVL - 7 534 2.36 98570 99.81 2.255 0.034 0.205 0.003 0.436 1194 24 1198 11 1202 18 100.6 1194 24
SVL - 22 345.2 1.87 19933 99.80 2.283 0.035 0.207 0.003 0.290 1204 25 1207 11 1210 18 100.4 1204 25
SVL - 51 391 5.24 15850 99.73 2.319 0.041 0.208 0.004 0.585 1206 28 1216 13 1215 21 98.3 1206 28
SVL - 8 77.9 2.74 2576 99.33 2.270 0.064 0.203 0.004 0.383 1216 51 1203 19 1191 23 98.2 1216 51
SVL - 24 241.2 5.58 40140 99.38 2.143 0.046 0.192 0.004 0.451 1217 37 1161 15 1131 20 92.6 1217 37
SVL - 54 127.7 2.31 21070 99.59 2.435 0.055 0.212 0.004 0.511 1252 36 1252 16 1240 20 99.8 1252 36
SVL - 41 120.4 2.98 4236 99.50 2.516 0.050 0.217 0.004 0.149 1277 38 1274 15 1267 20 99.9 1277 38
SVL - 63 440.6 4.60 82760 99.69 2.549 0.043 0.221 0.004 0.407 1278 29 1287 12 1287 21 98.9 1278 29
SVL - 91 62.6 4.83 10930 99.39 2.640 0.095 0.225 0.005 0.065 1300 71 1306 26 1306 27 98.4 1300 71
SVL - 64 126.2 2.24 7673 99.65 2.657 0.050 0.226 0.004 0.427 1308 32 1316 14 1315 21 98.8 1308 32
SVL - 19 191.6 1.43 36360 99.68 2.660 0.047 0.227 0.004 0.189 1315 29 1316 13 1318 20 100.3 1315 29
SVL - 75 157.9 1.48 28450 99.57 2.691 0.048 0.228 0.004 0.342 1329 31 1326 14 1323 21 99.6 1329 31
SVL - 3 97.7 2.29 1257 99.14 2.515 0.087 0.210 0.005 0.620 1347 62 1273 24 1230 25 90.9 1347 62
SVL - 10 118.5 1.41 8697 99.71 2.935 0.064 0.244 0.005 0.189 1356 42 1388 17 1409 23 104.8 1356 42
SVL - 59 44.18 1.37 8980 99.49 3.103 0.089 0.253 0.005 0.202 1372 54 1427 22 1454 26 108.4 1372 54
SVL - 17 231 2.49 46500 99.72 2.907 0.045 0.239 0.004 0.401 1384 26 1382 12 1384 21 100.0 1384 26
SVL - 108 76.1 1.48 13900 99.27 2.861 0.064 0.233 0.005 0.350 1394 42 1368 17 1349 24 97.1 1394 42
SVL - 103 610 1.19 11400 99.71 2.972 0.035 0.239 0.004 0.430 1424 16 1400 9 1379 20 97.0 1424 16
SVL - 16 53.08 2.21 10980 99.32 3.099 0.081 0.248 0.005 0.279 1430 47 1430 20 1429 26 99.7 1430 47
SVL - 43 239.1 2.30 24350 99.56 3.100 0.053 0.247 0.004 0.440 1436 27 1431 13 1423 22 99.6 1436 27
SVL - 9 351 1.99 5179 99.77 3.128 0.043 0.250 0.004 0.528 1443 20 1438 11 1439 22 100.4 1443 20
Isotope Ratios Apparent Ages (Ma)
90
SVL - 82 167.9 1.90 1375 99.47 3.223 0.056 0.253 0.005 0.291 1466 31 1461 14 1452 23 99.6 1466 31
SVL - 32 49.14 2.42 501 99.14 3.217 0.092 0.251 0.005 0.255 1484 52 1455 22 1440 27 97.1 1484 52
SVL - 113 93.96 1.94 2719 99.40 3.282 0.068 0.254 0.005 0.271 1487 38 1474 17 1458 24 98.7 1487 38
SVL - 36 126.7 1.98 5152 99.41 3.272 0.067 0.253 0.005 0.339 1490 36 1473 16 1456 23 98.0 1490 36
SVL - 40 110.7 7.47 20970 99.49 3.487 0.098 0.266 0.007 0.628 1519 41 1520 22 1517 33 99.3 1519 41
SVL - 5 141.91 2.45 16070 99.64 3.494 0.062 0.266 0.004 0.419 1531 28 1524 14 1520 22 99.4 1531 28
SVL - 106 126.8 3.17 26900 99.46 3.600 0.084 0.270 0.006 0.620 1543 33 1545 18 1541 29 99.2 1543 33
SVL - 92 61.4 2.47 4703 99.52 3.980 0.085 0.287 0.005 0.351 1616 36 1627 17 1627 27 98.2 1616 36
SVL - 72 110.9 1.30 25770 99.50 4.000 0.074 0.288 0.005 0.210 1621 33 1631 15 1632 26 101.6 1621 33
SVL - 112 287 1.14 5100 99.90 4.182 0.061 0.301 0.005 0.586 1628 21 1669 12 1698 26 105.3 1628 21
SVL - 119 72.6 1.35 16720 99.17 4.269 0.100 0.293 0.006 0.436 1712 36 1685 19 1658 28 97.1 1712 36
SVL - 81 492 3.22 137300 99.87 5.231 0.080 0.334 0.006 0.762 1848 17 1856 13 1856 29 98.9 1848 17
SVL - 60 30.06 0.82 8810 99.64 6.060 0.170 0.369 0.008 0.508 1919 44 1980 24 2024 39 107.8 1919 44
SVL - 61 263.4 2.08 79500 99.59 6.622 0.084 0.374 0.006 0.454 2069 17 2061 11 2047 29 99.2 2069 17
SVL - 15 231.1 3.18 76820 99.76 7.329 0.090 0.394 0.006 0.549 2166 15 2151 11 2141 29 98.5 2166 15
SVL - 55 878.6 3.98 58033 99.87 12.178 0.130 0.500 0.008 0.720 2616 10 2618 10 2612 35 99.8 2616 10
SVL - 79 75.8 2.83 2836 98.43 11.740 0.240 0.477 0.010 0.604 2642 25 2581 19 2513 43 94.0 2642 25
U (ppm) U/Th 206Pbcps/ %Pb* 207Pb/ 2σ 206Pb/ 2σ err. 207Pb/ 2σ 207Pb/ 2σ 206Pb/ 2σ %conc
204Pbcps 235U 238U corr. 206Pb 235U 238U Best Age ±
Trout Run North (Ma) (Ma)
TRN - 46 95.7 1.60 3010 98.01 0.609 0.045 0.063 0.002 0.263 800 150 474 28 395 11 83.3 395 11
TRN - 24 172.3 1.48 587 99.71 0.497 0.019 0.065 0.001 0.160 406 75 408 13 405 7 99.1 405 7
TRN - 100 289.8 1.84 547 99.70 0.499 0.016 0.065 0.001 0.145 417 59 411 11 407 7 99.0 407 7
TRN - 6 149 1.57 618 99.88 0.498 0.021 0.066 0.001 0.054 372 83 407 14 410 7 100.7 410 7
TRN - 74 344.8 1.47 1433 99.78 0.500 0.015 0.066 0.001 0.113 391 55 411 10 411 6 100.2 411 6
TRN - 50 470.8 1.69 6378 99.63 0.541 0.015 0.070 0.001 0.305 448 48 438 10 433 6 98.9 433 6
TRN - 66 160 1.35 8590 99.94 0.524 0.021 0.070 0.001 0.053 371 83 427 15 434 8 101.6 434 8
TRN - 71 78.91 1.74 4222 99.57 0.557 0.029 0.070 0.001 0.088 470 100 447 19 435 9 97.2 435 9
TRN - 110 133.09 2.34 6940 99.60 0.553 0.025 0.070 0.001 0.040 459 90 446 17 438 8 98.2 438 8
TRN - 90 151.6 1.04 8640 99.68 0.560 0.090 0.071 0.002 0.265 478 160 450 44 441 10 97.9 441 10
TRN - 81 123.1 1.94 6520 99.64 0.565 0.024 0.071 0.001 0.158 475 84 454 15 441 8 97.2 441 8
TRN - 92 239.2 2.01 1273 99.79 0.544 0.017 0.071 0.001 0.224 418 60 442 11 442 7 99.9 442 7
TRN - 4 82.4 1.99 319 99.81 0.544 0.027 0.071 0.002 0.086 390 95 437 17 442 9 101.1 442 9
TRN - 20 218.7 1.48 3973 99.78 0.547 0.021 0.071 0.001 0.033 413 73 441 13 442 7 100.3 442 7
TRN - 48 306 0.73 677 99.75 0.548 0.016 0.071 0.001 0.116 436 57 444 11 442 7 99.7 442 7
TRN - 59 524.5 2.40 1611 99.71 0.553 0.014 0.071 0.001 0.221 450 42 446 9 442 7 99.2 442 7
TRN - 97 679.3 3.39 36380 99.59 0.563 0.014 0.071 0.001 0.126 492 42 453 9 443 7 97.8 443 7
TRN - 78 497.4 1.97 8800 99.59 0.561 0.014 0.071 0.001 0.138 479 45 451 9 443 7 98.2 443 7
TRN - 102 186.2 2.04 1389 99.76 0.553 0.018 0.071 0.001 0.025 451 68 447 12 444 8 99.2 444 8
TRN - 86 242.6 1.10 3253 99.82 0.547 0.018 0.071 0.001 0.124 415 63 442 12 444 8 100.4 444 8
TRN - 115 450.6 1.91 1848 99.76 0.551 0.014 0.072 0.001 0.154 425 45 445 9 447 7 100.4 447 7
TRN - 7 162.3 1.81 1287 99.75 0.556 0.021 0.072 0.001 0.119 418 73 447 14 447 8 100.1 447 8
TRN - 11 385 0.78 21320 99.82 0.549 0.015 0.072 0.001 0.032 400 54 444 10 450 7 101.4 450 7
TRN - 37 385 1.78 1818 99.70 0.555 0.015 0.072 0.001 0.110 416 50 447 10 451 7 100.8 451 7
TRN - 27 44.99 1.59 2407 99.56 0.575 0.035 0.073 0.002 0.241 430 120 458 23 454 10 99.1 454 10
TRN - 103 131.4 1.56 1172 99.59 0.586 0.025 0.073 0.001 0.099 485 83 465 16 456 8 98.0 456 8
TRN - 79 246 2.02 2034 99.78 0.591 0.019 0.077 0.001 0.259 423 58 470 12 477 8 101.4 477 8
TRN - 62 204 4.98 18800 99.49 1.018 0.029 0.116 0.002 0.234 712 51 711 14 706 11 99.3 706 11
TRN - 70 8.33 41.86 1076 99.46 1.740 0.140 0.174 0.007 0.170 860 170 989 55 1031 38 130.5 860 170
TRN - 87 314.5 2.14 4446 98.82 1.654 0.039 0.152 0.003 0.050 1160 34 990 15 913 15 77.5 913 15
TRN - 41 38.72 3.42 579 99.43 1.734 0.077 0.176 0.004 0.171 913 89 1014 29 1046 22 118.9 913 89
TRN - 9 41.6 1.08 4890 97.29 1.940 0.093 0.153 0.008 0.386 1420 130 1083 32 916 45 63.6 916 45
TRN - 19 19.72 1.76 2219 99.20 1.502 0.097 0.154 0.004 0.087 890 120 929 38 920 25 92.9 920 25
TRN - 55 13.21 14.73 339 99.19 1.820 0.140 0.178 0.006 0.241 920 150 1031 51 1052 34 123.4 920 150
TRN - 89 116.08 5.11 13790 99.43 1.570 0.044 0.157 0.003 0.203 978 49 955 18 941 15 96.9 941 15
TRN - 17 22.89 2.23 207 98.59 1.681 0.100 0.159 0.004 0.169 1000 120 981 38 948 23 99.4 948 23
TRN - 99 38.25 2.24 1537 99.32 1.553 0.074 0.160 0.003 0.166 883 96 944 30 954 19 112.0 954 19
TRN - 23 59.83 1.85 517 99.12 1.645 0.063 0.160 0.003 0.249 1020 68 984 23 959 17 95.0 959 17
TRN - 33 40.97 3.94 5505 99.32 1.792 0.082 0.177 0.004 0.269 960 89 1035 31 1052 21 113.8 960 89
TRN - 58 65.16 2.87 7880 99.36 1.579 0.058 0.161 0.003 0.277 922 67 956 23 961 17 106.7 961 17
TRN - 25 65.57 1.34 8030 99.32 1.608 0.055 0.161 0.003 0.163 960 66 968 22 963 18 97.8 963 18
TRN - 21 79.96 2.36 9960 99.26 1.660 0.057 0.164 0.003 0.133 1011 64 990 23 976 17 97.3 976 17
TRN - 60 56.26 2.46 1228 99.26 1.733 0.070 0.172 0.003 0.096 977 73 1013 25 1024 18 107.1 977 73
TRN - 98 382.1 1.19 47260 99.65 1.658 0.035 0.164 0.003 0.304 1013 26 992 13 980 14 96.8 980 14
TRN - 75 107.11 1.10 957 99.32 1.682 0.050 0.165 0.003 0.171 1023 54 998 19 981 17 96.7 981 17
TRN - 119 491 4.41 1687 99.71 1.618 0.052 0.165 0.004 0.641 958 37 976 19 981 20 103.1 981 20
TRN - 68 37.58 1.58 4660 99.35 1.603 0.074 0.165 0.004 0.196 894 85 961 29 984 21 113.5 984 21
TRN - 57 223.7 4.35 5792 99.63 1.662 0.039 0.165 0.003 0.279 999 34 992 15 986 15 99.2 986 15
TRN - 22 66.83 2.19 8450 99.33 1.712 0.051 0.166 0.003 0.288 1042 50 1009 19 989 18 95.6 989 18
TRN - 120 577.9 2.93 72900 99.76 1.676 0.033 0.166 0.003 0.387 1010 21 999 12 992 14 98.4 992 14
TRN - 116 65.43 2.99 4215 99.34 1.729 0.059 0.171 0.003 0.157 992 65 1014 22 1016 19 104.4 992 65
TRN - 95 254.3 2.60 16420 99.71 1.701 0.040 0.170 0.003 0.158 994 35 1007 15 1010 15 102.4 994 35
TRN - 51 49.33 0.93 1326 99.28 1.772 0.066 0.175 0.004 0.323 994 70 1034 24 1039 21 106.6 994 70
TRN - 61 279.4 8.45 7178 99.75 1.661 0.038 0.167 0.003 0.363 982 30 992 14 994 15 101.9 994 15
TRN - 2 140.1 1.63 3642 99.62 1.649 0.043 0.167 0.003 0.186 960 44 989 17 998 16 104.8 998 16
TRN - 36 281.3 3.15 36930 99.74 1.690 0.038 0.168 0.003 0.260 998 31 1003 14 1003 15 98.9 998 31
TRN - 10 242.6 3.92 11233 99.83 1.796 0.039 0.180 0.003 0.332 1000 32 1043 14 1066 16 107.1 1000 32
TRN - 35 50.4 2.14 6570 99.31 1.748 0.070 0.170 0.003 0.176 1004 76 1018 26 1013 19 96.5 1004 76
TRN - 112 99.8 0.98 12750 99.49 1.757 0.054 0.173 0.003 0.218 1004 55 1025 20 1029 17 104.1 1004 55
TRN - 67 488 6.20 64300 99.77 1.701 0.035 0.169 0.003 0.404 1007 23 1009 13 1009 15 99.7 1007 23
TRN - 49 150.4 2.96 19570 99.56 1.707 0.044 0.169 0.003 0.222 1014 41 1009 17 1005 15 99.6 1014 41
TRN - 114 455.9 3.88 8271 99.78 1.726 0.036 0.171 0.003 0.279 1016 26 1017 13 1017 14 99.6 1016 26
TRN - 109 324.4 3.63 4102 99.68 1.726 0.037 0.170 0.003 0.170 1023 28 1017 14 1014 15 99.3 1023 28
TRN - 106 78.7 1.86 10170 99.40 1.799 0.064 0.175 0.003 0.249 1023 63 1039 23 1040 18 103.5 1023 63
TRN - 82 51.82 2.64 607 99.13 1.730 0.064 0.170 0.004 0.168 1024 68 1022 25 1010 19 99.3 1024 68
TRN - 65 193.4 3.64 26620 99.64 1.813 0.048 0.177 0.003 0.249 1027 42 1047 17 1053 16 103.6 1027 42
TRN - 15 35.7 0.86 421 99.02 1.758 0.074 0.169 0.004 0.028 1034 92 1021 27 1008 22 99.4 1034 92
TRN - 12 72.32 1.62 569 99.38 1.786 0.059 0.174 0.003 0.289 1036 56 1035 21 1032 18 99.3 1036 56
TRN - 1 96.6 2.99 6370 99.42 1.780 0.051 0.173 0.003 0.219 1038 50 1037 18 1028 17 99.9 1038 50
TRN - 40 332.7 4.06 45770 99.73 1.812 0.040 0.177 0.003 0.266 1039 30 1048 14 1050 15 101.7 1039 30
TRN - 38 464.3 2.41 62680 99.77 1.808 0.037 0.177 0.003 0.342 1043 24 1048 13 1048 15 100.8 1043 24
TRN - 91 115.8 1.71 5070 99.47 1.838 0.056 0.178 0.003 0.328 1044 50 1055 20 1054 17 97.7 1044 50
TRN - 64 181.2 3.64 24900 99.62 1.809 0.043 0.175 0.003 0.443 1054 32 1047 16 1040 16 99.2 1054 32
TRN - 108 136.7 1.03 18270 99.64 1.894 0.051 0.183 0.003 0.261 1060 41 1076 18 1084 16 102.9 1060 41
TRN - 45 147 2.63 19280 99.48 1.790 0.046 0.173 0.003 0.197 1063 40 1039 17 1027 16 96.8 1063 40
TRN - 85 29.08 1.50 3840 98.84 1.848 0.089 0.173 0.004 0.116 1065 96 1054 31 1030 22 99.5 1065 96
TRN - 16 263.2 9.41 1257 99.59 1.789 0.052 0.172 0.004 0.223 1068 33 1040 18 1024 20 96.0 1068 33
TRN - 5 92.7 2.03 13260 99.39 1.904 0.058 0.182 0.004 0.209 1071 56 1081 20 1076 19 98.3 1071 56
TRN - 3 34.47 2.69 261 99.13 1.996 0.089 0.187 0.004 0.249 1074 84 1103 30 1104 24 106.2 1074 84
TRN - 101 85.9 2.36 11600 99.30 1.905 0.062 0.181 0.003 0.214 1077 58 1077 22 1073 19 99.1 1077 58
TRN - 18 143.9 2.39 19460 99.51 1.861 0.047 0.178 0.003 0.127 1078 40 1065 17 1055 16 98.4 1078 40
TRN - 34 320 29.04 43720 99.58 1.835 0.038 0.176 0.003 0.069 1082 27 1057 13 1043 14 96.4 1082 27
TRN - 53 112.7 9.64 15170 99.44 1.873 0.053 0.180 0.003 0.216 1082 46 1073 19 1067 18 98.4 1082 46
TRN - 47 114.2 2.04 17270 99.66 2.095 0.056 0.198 0.004 0.179 1103 42 1144 18 1163 19 106.7 1103 42
TRN - 13 65.46 2.17 3293 99.48 2.139 0.070 0.200 0.004 0.255 1110 58 1156 23 1174 22 107.8 1110 58
Isotope Ratios Apparent Ages (Ma)
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TRN - 26 58.6 2.61 9310 99.46 2.194 0.074 0.205 0.004 0.362 1123 55 1176 23 1200 23 108.5 1123 55
TRN - 52 191.2 1.37 5282 99.45 1.908 0.046 0.178 0.003 0.239 1124 36 1082 16 1058 16 94.2 1124 36
TRN - 88 68.04 2.60 9750 99.29 2.052 0.069 0.190 0.004 0.215 1124 59 1127 23 1122 20 98.7 1124 59
TRN - 73 108.5 1.73 16040 99.60 2.099 0.056 0.195 0.003 0.220 1127 43 1145 18 1149 17 103.2 1127 43
TRN - 76 87.26 2.80 1447 99.53 2.108 0.065 0.196 0.003 0.276 1128 51 1147 21 1156 18 103.5 1128 51
TRN - 84 45.9 3.36 6700 99.28 2.107 0.081 0.194 0.004 0.376 1130 65 1142 27 1144 22 103.1 1130 65
TRN - 105 382.3 3.03 8822 99.69 1.990 0.040 0.186 0.003 0.246 1131 23 1111 14 1099 15 97.3 1131 23
TRN - 31 82.7 1.39 13330 99.34 2.089 0.085 0.195 0.004 0.204 1133 57 1146 26 1145 24 98.2 1133 57
TRN - 94 159.9 2.62 11685 99.62 2.075 0.053 0.194 0.003 0.365 1135 36 1138 18 1141 17 100.8 1135 36
TRN - 8 162.9 2.83 24650 99.61 2.095 0.050 0.194 0.003 0.293 1143 35 1145 17 1142 17 99.4 1143 35
TRN - 29 216 4.69 2825 99.80 2.191 0.049 0.203 0.003 0.334 1149 28 1177 15 1193 18 104.3 1149 28
TRN - 44 11.88 3.18 1718 98.45 2.200 0.140 0.192 0.006 0.243 1160 130 1166 45 1130 31 96.9 1160 130
TRN - 113 350.9 6.88 4184 99.43 1.952 0.041 0.180 0.003 0.444 1162 24 1098 14 1066 16 91.2 1162 24
TRN - 14 41.91 4.01 6116 98.92 2.156 0.085 0.194 0.004 0.003 1163 78 1158 27 1141 21 99.4 1163 78
TRN - 96 112.8 2.50 1511 99.28 2.045 0.059 0.187 0.003 0.381 1167 46 1129 20 1103 18 94.8 1167 46
TRN - 107 181.2 5.40 1467 99.54 2.143 0.049 0.195 0.003 0.244 1182 33 1163 16 1150 17 97.3 1182 33
TRN - 56 168 2.65 8390 99.54 2.190 0.052 0.199 0.004 0.300 1182 36 1177 17 1172 19 99.4 1182 36
TRN - 43 262.8 3.23 40630 99.70 2.174 0.047 0.198 0.003 0.375 1184 27 1174 15 1165 17 98.4 1184 27
TRN - 32 77.52 1.78 11680 99.28 2.178 0.068 0.196 0.004 0.243 1188 55 1172 22 1154 20 98.0 1188 55
TRN - 54 132.3 6.45 1550 99.42 2.242 0.095 0.202 0.007 0.363 1190 53 1190 27 1188 36 99.4 1190 53
TRN - 72 95.6 2.94 14550 99.45 2.239 0.066 0.203 0.004 0.340 1194 46 1194 20 1189 20 99.9 1194 46
TRN - 104 279.7 2.41 41800 99.65 2.229 0.052 0.202 0.003 0.380 1197 30 1188 16 1183 17 99.0 1197 30
TRN - 28 85.3 2.77 853 99.07 2.152 0.066 0.191 0.004 0.358 1234 51 1164 22 1127 20 90.7 1234 51
TRN - 63 169.2 6.44 3039 99.68 2.422 0.055 0.214 0.004 0.302 1237 32 1247 17 1251 20 101.7 1237 32
TRN - 42 50.34 3.57 3970 99.18 2.436 0.095 0.211 0.005 0.436 1254 62 1244 27 1231 25 99.8 1254 62
TRN - 77 22.34 0.90 1187 98.66 2.590 0.120 0.217 0.005 0.230 1301 84 1286 33 1264 27 99.5 1301 84
TRN - 83 70.5 1.89 1673 99.32 2.611 0.082 0.221 0.004 0.243 1310 51 1298 23 1289 21 99.1 1310 51
TRN - 111 136.79 2.54 2582 99.53 2.685 0.065 0.226 0.004 0.195 1336 34 1324 18 1313 20 98.4 1336 34
TRN - 93 434.3 5.12 73900 99.78 2.777 0.053 0.233 0.004 0.489 1352 17 1349 14 1347 19 99.6 1352 17
TRN - 80 99.1 2.48 2119 99.27 2.736 0.072 0.227 0.004 0.199 1353 43 1337 19 1319 22 98.0 1353 43
TRN - 30 41.56 0.87 8180 99.13 3.298 0.110 0.255 0.005 0.225 1492 54 1477 25 1461 27 98.5 1492 54
TRN - 117 298.8 1.65 59500 99.74 3.438 0.069 0.264 0.004 0.424 1513 22 1512 16 1510 21 100.0 1513 22
TRN - 69 90.5 1.07 31110 99.51 9.320 0.200 0.445 0.008 0.498 2363 22 2367 20 2372 34 100.8 2363 22
TRN - 118 59.64 1.55 22960 98.90 13.390 0.290 0.516 0.010 0.574 2721 21 2705 21 2682 41 98.6 2721 21
TRN - 39 55.22 2.08 2350 99.14 15.370 0.340 0.552 0.010 0.629 2834 19 2835 21 2836 43 100.5 2834 19
U (ppm) U/Th 206Pbcps/ %Pb* 207Pb/ 2σ 206Pb/ 2σ err. 207Pb/ 2σ 207Pb/ 2σ 206Pb/ 2σ %conc
204Pbcps 235U 238U corr. 206Pb 235U 238U Best Age ±
Trout Run South (Ma) (Ma)
TRS - 71 178.6 1.64 1353 99.85 0.504 0.021 0.068 0.002 0.093 362 68 413 13 423 10 102.4 423 10
TRS - 52 391.6 2.57 21310 99.65 0.545 0.017 0.0702 0.0014 0.014 444 57 441 11 437 9 99.3 437 9
TRS - 101 122.9 1.45 6510 99.50 0.564 0.023 0.070 0.002 0.148 504 79 451 15 438 10 97.0 438 10
TRS - 85 444.4 2.02 3997 99.67 0.551 0.016 0.070 0.001 0.044 444 53 444 10 438 9 98.6 438 9
TRS - 45 291.1 2.24 15950 99.73 0.549 0.016 0.0707 0.0015 0.040 464 55 443 11 441 9 99.3 441 9
TRS - 63 287.8 1.72 3973 99.70 0.561 0.018 0.071 0.001 0.137 448 58 451 12 442 9 98.2 442 9
TRS - 99 212.3 1.25 11260 99.83 0.545 0.018 0.071 0.002 0.100 403 65 442 12 443 9 100.1 443 9
TRS - 55 159.3 2.48 1744 99.82 0.544 0.019 0.071 0.002 0.129 408 68 441 13 443 9 100.3 443 9
TRS - 113 156.2 1.42 2797 99.76 0.551 0.022 0.071 0.002 0.202 422 71 445 14 443 10 99.5 443 10
TRS - 70 304.8 1.65 4168 99.86 0.548 0.017 0.071 0.002 0.155 408 58 444 12 444 9 100.1 444 9
TRS - 106 316.7 1.96 17020 99.83 0.551 0.018 0.071 0.002 0.206 429 57 444 12 444 9 100.0 444 9
TRS - 43 151.7 2.67 465 99.73 0.548 0.024 0.0714 0.0016 0.150 426 84 442 16 444 9 100.5 444 9
TRS - 120 352.2 1.71 9600 99.61 0.564 0.017 0.072 0.002 0.187 465 51 453 11 446 9 98.3 446 9
TRS - 17 418.4 2.33 23430 99.72 0.551 0.015 0.072 0.001 0.148 434 46 445 10 446 9 100.2 446 9
TRS - 72 225.3 2.43 12340 99.74 0.551 0.018 0.072 0.002 0.132 414 64 444 12 446 9 100.5 446 9
TRS - 59 234.5 1.49 12870 99.81 0.556 0.019 0.072 0.002 0.254 410 67 447 13 446 9 99.8 446 9
TRS - 39 218 1.90 12060 99.81 0.549 0.017 0.0718 0.0015 0.275 437 57 443 11 447 9 100.9 447 9
TRS - 28 334.1 1.09 6350 99.88 0.543 0.017 0.072 0.001 0.005 394 56 439 11 448 9 102.0 448 9
TRS - 86 498.6 2.11 13525 99.77 0.555 0.016 0.072 0.001 0.072 414 51 448 10 449 9 100.2 449 9
TRS - 58 304 1.45 16860 99.65 0.562 0.017 0.072 0.002 0.253 448 54 453 11 449 9 99.1 449 9
TRS - 40 274.2 1.26 15370 99.68 0.561 0.018 0.0724 0.0015 0.042 459 62 451 12 451 9 100.0 451 9
TRS - 1 401.4 1.91 4484 99.68 0.556 0.016 0.0724 0.0015 0.176 438 47 449 10 451 9 100.2 451 9
TRS - 100 129.1 2.04 1768 99.87 0.556 0.025 0.073 0.002 0.236 389 85 445 17 451 10 101.3 451 10
TRS - 95 395.7 1.35 3658 99.74 0.558 0.016 0.073 0.002 0.040 414 52 449 10 452 9 100.5 452 9
TRS - 32 228 0.91 12840 99.69 0.564 0.019 0.073 0.002 0.024 465 61 454 12 454 10 99.9 454 10
TRS - 97 709 2.32 6500 99.64 0.571 0.014 0.073 0.002 0.121 458 42 458 9 454 9 99.1 454 9
TRS - 42 142.1 4.55 363 99.68 0.567 0.022 0.0731 0.0016 0.255 450 72 454 14 455 10 100.1 455 10
TRS - 26 158.7 2.12 8960 99.80 0.563 0.023 0.073 0.002 0.171 427 80 453 15 455 10 100.4 455 10
TRS - 29 429.8 1.82 24330 99.76 0.556 0.014 0.073 0.002 0.054 424 40 448 9 456 9 101.8 456 9
TRS - 80 505.7 1.72 2103 99.61 0.577 0.016 0.073 0.002 0.187 471 49 463 11 457 10 98.8 457 10
TRS - 50 104.4 1.55 5770 99.56 0.584 0.026 0.0736 0.0018 0.046 505 89 464 17 458 11 98.6 458 11
TRS - 37 98.1 1.87 5460 100.02 0.561 0.025 0.0752 0.0018 0.170 369 88 450 17 467 11 103.8 467 11
TRS - 8 298.1 1.49 989 99.61 0.606 0.019 0.0761 0.0016 0.028 514 61 480 12 473 9 98.5 473 9
TRS - 16 34.09 2.13 270 100.04 0.602 0.039 0.081 0.002 0.050 360 140 476 26 503 15 105.7 503 15
TRS - 3 24.1 1.75 3650 99.64 1.930 0.110 0.1945 0.0057 0.246 900 110 1074 38 1144 31 135.3 900 110
TRS - 78 64.71 1.52 2450 99.27 1.532 0.060 0.155 0.004 0.335 951 64 937 24 929 19 98.7 929 19
TRS - 118 48.34 1.90 1182 99.14 1.670 0.069 0.169 0.004 0.080 936 86 992 27 1004 22 110.3 936 86
TRS - 20 35.46 1.11 4710 99.23 1.701 0.080 0.171 0.004 0.089 938 96 997 30 1015 24 112.0 938 96
TRS - 53 41.2 3.32 243 99.15 1.756 0.092 0.1736 0.0057 0.084 940 74 1021 32 1031 31 115.2 940 74
TRS - 2 72 2.60 8880 99.44 1.565 0.054 0.1575 0.0037 0.437 970 54 951 21 942 21 97.8 942 21
TRS - 77 89.9 2.15 10690 99.47 1.562 0.046 0.158 0.004 0.164 938 52 954 18 947 19 97.2 947 19
TRS - 56 417.8 11.22 51820 99.57 1.611 0.034 0.159 0.003 0.263 1017 24 974 13 950 18 93.5 950 18
TRS - 115 63.96 4.49 539 99.54 1.693 0.057 0.170 0.004 0.103 955 63 1001 22 1016 21 108.4 955 63
TRS - 81 58.39 1.79 6350 99.29 1.598 0.083 0.161 0.004 0.131 960 83 961 30 963 22 101.5 963 22
TRS - 116 175.7 3.31 21630 99.58 1.643 0.043 0.164 0.003 0.232 991 41 984 17 979 19 99.3 979 19
TRS - 94 28.92 0.48 731 99.05 1.756 0.089 0.171 0.005 0.173 981 99 1020 33 1015 25 92.2 981 99
TRS - 83 374.6 3.06 3370 99.66 1.671 0.037 0.164 0.003 0.341 1009 26 997 14 981 18 98.2 981 18
TRS - 69 208.7 1.86 5490 99.69 1.704 0.041 0.170 0.003 0.188 982 34 1008 15 1010 19 104.5 982 34
TRS - 65 98.19 1.91 12490 99.49 1.655 0.053 0.166 0.004 0.217 957 54 987 20 987 20 94.4 987 20
TRS - 108 768 3.36 32700 99.88 1.683 0.033 0.169 0.003 0.318 989 19 1001 13 1006 18 102.1 989 19
TRS - 62 317.2 3.90 40630 99.61 1.697 0.039 0.167 0.003 0.352 1029 28 1007 14 994 18 96.7 994 18
TRS - 46 101.03 2.28 4387 99.59 1.627 0.056 0.1680 0.0036 0.204 915 61 975 22 1001 20 111.2 1001 20
TRS - 93 317.4 6.01 7128 99.78 1.809 0.042 0.179 0.004 0.291 1002 29 1047 15 1059 20 107.5 1002 29
TRS - 64 142.6 7.84 3072 99.54 1.711 0.047 0.168 0.004 0.436 1003 40 1010 18 1002 19 98.5 1003 40
TRS - 7 1367.5 33.93 180800 99.91 1.676 0.031 0.1680 0.0032 0.198 1004 14 999 12 1001 18 100.7 1004 14
TRS - 6 320.2 3.72 43830 99.85 1.750 0.039 0.1751 0.0036 0.414 1004 29 1026 14 1040 20 103.7 1004 29
TRS - 104 254 5.05 3583 99.66 1.705 0.041 0.169 0.003 0.296 1009 33 1009 15 1004 19 99.8 1009 33
TRS - 19 139.7 0.69 2673 99.70 1.713 0.045 0.171 0.004 0.319 1009 38 1011 17 1017 20 100.7 1009 38
TRS - 114 64.06 4.57 583 99.30 1.745 0.061 0.171 0.004 0.326 1013 64 1020 23 1017 21 98.1 1013 64
TRS - 102 407.1 6.29 5219 99.76 1.709 0.038 0.169 0.003 0.306 1013 26 1011 14 1007 18 99.8 1013 26
TRS - 49 234.8 4.03 7698 99.70 1.712 0.044 0.1701 0.0035 0.245 1016 36 1011 16 1012 19 100.5 1016 36
TRS - 11 654.4 3.35 90900 99.84 1.765 0.036 0.176 0.003 0.139 1019 22 1033 13 1043 19 102.1 1019 22
TRS - 4 696.3 2.59 48950 99.92 1.789 0.035 0.1775 0.0034 0.417 1022 18 1041 13 1053 19 103.1 1022 18
TRS - 73 146.4 1.45 6203 99.44 1.739 0.050 0.169 0.003 0.124 1024 47 1020 18 1006 19 99.8 1024 47
TRS - 51 432.8 4.34 7038 99.74 1.741 0.037 0.1719 0.0034 0.291 1024 24 1023 14 1022 18 100.0 1024 24
TRS - 23 357 6.76 6163 99.74 1.753 0.041 0.174 0.003 0.062 1025 31 1028 15 1036 19 100.5 1025 31
TRS - 79 721.6 2.20 10600 99.82 1.776 0.037 0.174 0.003 0.369 1026 20 1036 13 1032 18 98.3 1026 20
Isotope Ratios Apparent Ages (Ma)
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TRS - 48 229.5 2.54 30590 99.68 1.729 0.044 0.1706 0.0034 0.271 1035 34 1017 16 1015 19 97.6 1035 34
TRS - 22 21.89 3.64 2948 99.12 1.830 0.090 0.175 0.005 0.054 1040 100 1051 34 1040 27 97.5 1040 100
TRS - 41 145.2 2.81 20230 99.63 1.877 0.051 0.1842 0.0038 0.239 1044 42 1070 18 1090 21 104.5 1044 42
TRS - 10 51.5 1.88 3580 99.25 1.885 0.075 0.1819 0.0043 0.142 1049 73 1071 26 1077 23 104.1 1049 73
TRS - 38 55.92 2.89 2423 99.25 1.816 0.064 0.1762 0.0040 0.106 1052 65 1045 23 1046 22 100.1 1052 65
TRS - 110 90.46 1.30 11540 99.31 1.764 0.052 0.170 0.004 0.121 1053 52 1029 19 1011 20 96.9 1053 52
TRS - 15 143.3 3.53 1095 99.58 1.902 0.054 0.182 0.004 0.170 1055 45 1079 20 1079 21 95.9 1055 45
TRS - 89 129.1 10.02 9265 99.62 1.991 0.060 0.190 0.004 0.261 1056 49 1108 20 1121 22 108.8 1056 49
TRS - 103 135.1 1.13 2070 99.56 1.880 0.051 0.181 0.004 0.186 1067 41 1075 17 1074 21 98.9 1067 41
TRS - 84 569 1.78 76600 99.71 1.850 0.039 0.177 0.004 0.434 1072 20 1062 14 1050 19 98.7 1072 20
TRS - 76 122.2 8.67 5497 99.46 1.872 0.052 0.178 0.004 0.115 1073 45 1068 18 1057 20 99.7 1073 45
TRS - 21 47.08 1.08 6560 99.14 1.881 0.072 0.180 0.004 0.188 1079 72 1067 26 1066 23 99.3 1079 72
TRS - 96 610 4.90 6933 99.73 1.878 0.039 0.179 0.004 0.243 1084 21 1073 14 1064 19 98.4 1084 21
TRS - 68 963 31.83 6940 99.85 1.965 0.039 0.187 0.004 0.315 1085 18 1103 13 1103 20 102.8 1085 18
TRS - 117 64.81 2.29 856 99.34 1.920 0.065 0.181 0.004 0.327 1093 56 1083 22 1071 23 99.2 1093 56
TRS - 66 249.6 1.12 33380 99.46 1.871 0.045 0.176 0.004 0.232 1102 35 1069 16 1043 20 95.4 1102 35
TRS - 57 109 2.13 1713 99.33 1.889 0.054 0.178 0.004 0.320 1106 43 1078 19 1055 21 95.8 1106 43
TRS - 35 38.75 5.47 753 99.08 1.945 0.083 0.184 0.005 0.185 1114 75 1090 29 1086 24 97.5 1114 75
TRS - 105 53.16 5.42 2567 99.38 2.073 0.078 0.193 0.005 0.275 1114 61 1132 26 1137 24 103.9 1114 61
TRS - 92 285.2 2.61 2314 99.33 1.857 0.044 0.172 0.004 0.449 1115 29 1064 16 1022 19 92.9 1115 29
TRS - 33 122.32 2.97 9285 99.70 2.102 0.057 0.198 0.004 0.331 1131 39 1146 19 1166 23 102.7 1131 39
TRS - 91 155.4 2.25 23090 99.59 2.084 0.051 0.193 0.004 0.279 1135 36 1141 17 1138 21 98.7 1135 36
TRS - 25 148.2 2.61 21470 99.55 2.008 0.051 0.188 0.004 0.147 1142 40 1118 17 1108 21 96.6 1142 40
TRS - 18 54.71 4.26 8770 99.34 2.215 0.081 0.204 0.005 0.098 1143 65 1178 26 1194 25 106.4 1143 65
TRS - 67 491.2 1.96 74400 99.77 2.142 0.044 0.197 0.004 0.248 1144 23 1161 14 1160 21 97.3 1144 23
TRS - 88 229.2 2.99 34780 99.66 2.139 0.051 0.197 0.004 0.323 1144 32 1159 17 1158 22 97.4 1144 32
TRS - 12 67 1.73 952 99.60 2.186 0.069 0.204 0.005 0.330 1145 51 1174 23 1195 24 104.7 1145 51
TRS - 109 248.2 1.69 36390 99.72 2.097 0.048 0.195 0.004 0.260 1146 29 1146 16 1146 21 99.7 1146 29
TRS - 111 161 4.88 24380 99.69 2.184 0.055 0.202 0.004 0.252 1152 36 1173 18 1185 22 103.5 1152 36
TRS - 112 132.7 2.06 1549 99.52 2.058 0.057 0.192 0.004 0.191 1157 44 1132 20 1131 22 96.8 1157 44
TRS - 75 133.2 3.70 9910 99.56 2.094 0.054 0.192 0.004 0.286 1157 35 1146 17 1132 21 98.5 1157 35
TRS - 24 239.4 2.98 6308 99.79 2.144 0.049 0.199 0.004 0.278 1159 29 1162 16 1172 21 100.6 1159 29
TRS - 27 154.6 1.96 2294 99.65 2.205 0.063 0.205 0.005 0.364 1160 44 1179 20 1199 25 103.3 1160 44
TRS - 47 483.6 4.11 74700 99.87 2.226 0.045 0.2057 0.0040 0.174 1168 22 1189 14 1206 22 103.1 1168 22
TRS - 107 183.2 2.42 27150 99.61 2.153 0.053 0.197 0.004 0.278 1173 33 1164 17 1161 21 99.0 1173 33
TRS - 44 103.29 4.58 15520 99.41 2.128 0.059 0.1961 0.0041 0.112 1174 45 1156 20 1154 22 97.7 1174 45
TRS - 74 68.9 4.51 489 98.86 2.020 0.068 0.181 0.004 0.055 1178 61 1117 23 1076 23 92.2 1178 61
TRS - 36 265.3 4.13 4578 99.80 2.186 0.050 0.201 0.004 0.314 1181 27 1175 16 1183 22 100.6 1181 27
TRS - 30 359.2 1.24 58000 99.81 2.252 0.048 0.207 0.004 0.286 1186 23 1196 15 1212 22 101.6 1186 23
TRS - 14 708.1 2.96 6531 99.63 2.123 0.044 0.193 0.004 0.527 1199 19 1155 14 1136 20 94.1 1199 19
TRS - 34 122.2 3.20 9710 99.52 2.286 0.068 0.206 0.004 0.214 1231 45 1204 21 1205 23 103.2 1231 45
TRS - 119 122.6 2.16 19870 99.61 2.471 0.069 0.218 0.005 0.263 1242 41 1260 20 1271 23 103.0 1242 41
TRS - 13 92.36 2.46 16190 99.50 2.609 0.074 0.226 0.005 0.125 1286 46 1299 21 1311 25 102.4 1286 46
TRS - 9 95.7 2.42 17210 99.47 2.655 0.079 0.2269 0.0050 0.323 1300 46 1314 21 1318 26 102.2 1300 46
TRS - 31 285.9 2.97 51210 99.82 2.679 0.057 0.232 0.005 0.171 1306 27 1321 16 1343 24 102.3 1306 27
TRS - 87 421.1 1.93 71400 99.68 2.622 0.055 0.222 0.004 0.243 1312 23 1306 15 1294 23 99.3 1312 23
TRS - 60 63.55 1.29 581 99.34 2.699 0.084 0.227 0.005 0.354 1323 48 1325 24 1319 27 99.3 1323 48
TRS - 5 68.9 2.13 12810 99.48 2.817 0.085 0.2368 0.0053 0.242 1333 48 1355 23 1369 28 103.7 1333 48
TRS - 54 106.4 1.79 19200 99.56 2.783 0.070 0.2335 0.0049 0.200 1338 38 1350 20 1352 25 101.8 1338 38
TRS - 90 125.49 3.20 21460 99.41 2.719 0.064 0.225 0.005 0.283 1352 33 1332 17 1309 25 97.6 1352 33
TRS - 98 103.1 2.29 936 98.39 2.475 0.074 0.198 0.005 0.544 1423 40 1260 22 1162 29 80.8 1423 40
TRS - 61 57.6 4.49 11390 99.09 3.543 0.098 0.265 0.006 0.277 1546 43 1535 22 1513 32 98.8 1546 43
TRS - 82 26.79 1.62 948 98.87 3.870 0.130 0.279 0.007 0.319 1606 57 1598 28 1583 36 99.8 1606 57
U (ppm) U/Th 206Pbcps/ %Pb* 207Pb/ 2σ 206Pb/ 2σ err. 207Pb/ 2σ 207Pb/ 2σ 206Pb/ 2σ %conc
204Pbcps 235U 238U corr. 206Pb 235U 238U Best Age ±
Powys Curve (Ma) (Ma)
PC - 89 380.4 2.02 15230 99.30 0.527 0.018 0.065 0.001 0.184 547 62 429 12 404 7 94.2 404 7
PC - 109 237 1.54 12780 99.75 0.546 0.019 0.071 0.001 0.150 419 67 440 12 440 7 100.1 440 7
PC - 103 483.9 1.75 1866 99.74 0.547 0.014 0.071 0.001 0.131 430 44 443 9 443 7 100.1 443 7
PC - 36 393.4 1.09 21140 99.76 0.546 0.016 0.071 0.001 0.148 411 52 441 10 445 7 100.7 445 7
PC - 39 176 1.36 10200 99.44 0.586 0.039 0.072 0.001 0.103 540 100 466 22 449 8 96.3 449 8
PC - 16 131.4 1.67 7100 99.85 0.550 0.023 0.072 0.001 0.134 397 82 444 15 449 9 101.2 449 9
PC - 57 416 12.33 23560 99.67 0.598 0.016 0.075 0.001 0.105 510 46 475 10 466 7 98.0 466 7
PC - 71 142.9 1.98 8350 99.87 0.581 0.022 0.075 0.001 0.278 420 75 463 15 468 9 101.1 468 9
PC - 28 23.8 1.86 1477 99.95 0.659 0.053 0.085 0.003 0.301 390 150 504 31 523 17 103.8 523 17
PC - 120 594.2 0.91 3403 99.77 0.714 0.017 0.089 0.001 0.282 529 36 547 10 550 8 100.6 550 8
PC - 80 157 1.57 13670 99.48 1.022 0.031 0.116 0.002 0.258 717 53 713 15 708 11 99.3 708 11
PC - 52 25.71 0.95 2484 99.10 1.190 0.079 0.128 0.003 0.242 760 130 788 38 776 20 93.2 776 20
PC - 67 507.8 51.92 53480 99.75 1.212 0.043 0.133 0.003 0.071 801 41 805 19 804 14 99.1 804 14
PC - 116 80.2 1.74 4885 98.67 1.574 0.150 0.147 0.003 0.360 1109 110 955 46 883 17 79.5 883 17
PC - 23 95.95 0.95 10590 99.47 1.413 0.047 0.148 0.003 0.138 876 63 890 20 888 15 96.8 888 15
PC - 68 435.5 1.36 49040 99.74 1.423 0.031 0.149 0.002 0.338 896 29 898 13 897 13 99.6 897 13
PC - 12 97.8 2.05 12360 99.49 1.643 0.056 0.168 0.003 0.196 945 60 984 21 1003 17 106.9 945 60
PC - 42 47.58 1.30 336 99.33 1.715 0.078 0.170 0.004 0.172 955 86 1003 28 1010 20 109.8 955 86
PC - 87 26.03 0.75 3434 99.19 1.793 0.090 0.176 0.004 0.233 955 98 1033 32 1045 23 114.8 955 98
PC - 115 56.39 0.75 2477 99.34 1.589 0.085 0.161 0.005 0.174 960 70 961 29 960 26 99.1 960 26
PC - 94 73.18 1.83 1828 99.32 1.601 0.056 0.163 0.003 0.100 940 69 967 22 971 17 105.1 971 17
PC - 97 125.4 7.35 15380 99.48 1.616 0.045 0.163 0.003 0.194 973 49 975 18 972 16 99.5 972 16
PC - 2 67.32 3.06 408 99.30 1.627 0.062 0.164 0.003 0.282 954 69 977 24 978 18 104.4 978 18
PC - 25 187 2.06 23490 99.60 1.642 0.041 0.165 0.003 0.047 984 42 986 16 986 15 99.6 986 15
PC - 18 980.3 38.46 8467 99.88 1.702 0.031 0.171 0.003 0.433 993 16 1009 12 1015 14 102.6 993 16
PC - 19 10.32 1.09 1252 98.89 1.800 0.150 0.167 0.006 0.202 950 160 1001 54 995 34 83.9 995 34
PC - 98 81.12 0.46 10320 99.49 1.649 0.051 0.168 0.003 0.217 956 55 988 19 998 17 105.4 998 17
PC - 74 163.3 3.37 2346 99.61 1.706 0.045 0.170 0.003 0.261 999 42 1008 17 1012 16 101.9 999 42
PC - 30 80.31 2.13 10210 99.51 1.679 0.050 0.168 0.003 0.349 981 52 999 20 1000 17 103.1 1000 17
PC - 53 46.4 3.33 1508 99.05 1.776 0.081 0.171 0.004 0.342 1001 86 1025 30 1019 20 94.3 1001 86
PC - 91 57.34 1.31 629 99.35 1.763 0.061 0.173 0.003 0.089 1005 67 1026 22 1026 18 95.7 1005 67
PC - 95 169.2 3.20 1736 99.71 1.770 0.044 0.175 0.003 0.193 1007 40 1032 16 1041 16 104.4 1007 40
PC - 15 111.7 0.82 680 99.41 1.701 0.055 0.168 0.004 0.120 1008 71 1006 20 1001 21 99.8 1008 71
PC - 78 228.2 3.97 29300 99.64 1.736 0.043 0.172 0.003 0.418 1012 34 1020 16 1021 15 101.6 1012 34
PC - 70 534 11.24 72100 99.81 1.768 0.036 0.175 0.003 0.258 1016 25 1033 13 1039 15 102.8 1016 25
PC - 118 260.1 0.96 34530 99.72 1.747 0.040 0.173 0.003 0.247 1017 32 1025 15 1026 15 101.4 1017 32
PC - 6 197.1 2.70 2543 99.62 1.723 0.041 0.170 0.003 0.111 1019 36 1017 16 1011 15 99.7 1019 36
PC - 113 25.15 1.25 836 99.15 1.821 0.090 0.175 0.004 0.234 1020 100 1043 34 1037 23 94.8 1020 100
PC - 107 210.8 1.77 28520 99.68 1.798 0.045 0.177 0.003 0.271 1022 38 1042 16 1049 15 103.6 1022 38
PC - 85 70.75 1.74 9320 99.47 1.771 0.056 0.174 0.003 0.259 1023 56 1033 21 1032 17 98.2 1023 56
PC - 69 33.17 1.47 4327 99.22 1.831 0.081 0.176 0.004 0.210 1024 90 1046 29 1042 23 94.9 1024 90
PC - 77 208.3 8.25 26600 99.63 1.717 0.038 0.169 0.003 0.167 1024 32 1014 14 1006 15 98.6 1024 32
PC - 54 125.2 1.27 15940 99.47 1.729 0.048 0.169 0.003 0.307 1026 44 1016 18 1008 16 99.0 1026 44
PC - 33 40.6 2.76 1753 99.20 1.754 0.072 0.168 0.004 0.323 1027 74 1020 27 1003 20 99.6 1027 74
PC - 32 788 7.18 10330 99.83 1.773 0.034 0.175 0.003 0.422 1028 20 1035 13 1037 15 101.2 1028 20
PC - 58 122.8 0.73 15590 99.44 1.725 0.046 0.169 0.003 0.052 1030 46 1015 17 1006 15 98.1 1030 46
PC - 40 153.3 2.80 20310 99.55 1.780 0.048 0.174 0.003 0.185 1030 45 1035 18 1033 16 98.7 1030 45
PC - 73 190.8 4.18 4197 99.62 1.754 0.041 0.172 0.003 0.103 1031 36 1027 15 1025 16 99.6 1031 36
PC - 100 206.7 3.46 1602 99.64 1.763 0.041 0.173 0.003 0.257 1031 35 1030 15 1027 15 99.8 1031 35
Isotope ratios Apparent Ages (Ma)
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PC - 26 742.6 3.76 50450 99.87 1.807 0.033 0.178 0.003 0.300 1032 19 1048 12 1054 15 102.5 1032 19
PC - 1 243.7 0.66 15900 99.70 1.798 0.043 0.176 0.003 0.320 1034 33 1043 15 1045 16 101.7 1034 33
PC - 60 138.9 1.81 18320 99.60 1.786 0.049 0.175 0.003 0.298 1036 42 1037 18 1038 17 100.7 1036 42
PC - 14 316.5 3.59 2205 99.76 1.791 0.038 0.175 0.003 0.280 1036 28 1041 14 1042 15 101.0 1036 28
PC - 90 757 5.04 98740 99.80 1.774 0.033 0.173 0.003 0.334 1040 20 1035 12 1031 14 99.4 1040 20
PC - 47 34.71 1.38 4663 99.08 1.905 0.087 0.181 0.004 0.294 1047 85 1071 31 1072 22 105.6 1047 85
PC - 104 123.8 0.68 16330 99.52 1.792 0.049 0.174 0.003 0.260 1048 46 1039 18 1031 17 99.2 1048 46
PC - 31 276.5 4.46 36710 99.65 1.793 0.040 0.174 0.003 0.336 1049 30 1041 14 1035 15 99.1 1049 30
PC - 106 100.5 1.48 14330 99.70 1.948 0.058 0.189 0.003 0.412 1049 46 1094 20 1116 18 107.6 1049 46
PC - 72 19.5 2.40 2850 98.87 2.010 0.120 0.187 0.007 0.077 1050 130 1100 41 1105 35 110.9 1050 130
PC - 44 53.5 2.59 7300 99.29 1.900 0.067 0.184 0.004 0.210 1055 65 1078 24 1086 21 104.0 1055 65
PC - 64 1010 5.62 135700 99.86 1.842 0.034 0.179 0.003 0.438 1056 16 1060 12 1061 14 100.7 1056 16
PC - 65 122.22 83.48 16810 99.65 1.914 0.054 0.185 0.003 0.234 1057 47 1083 19 1092 17 104.5 1057 47
PC - 102 500 17.99 5850 99.77 1.867 0.044 0.180 0.003 0.542 1064 25 1068 15 1069 17 100.8 1064 25
PC - 61 273 1.18 12503 99.77 1.899 0.042 0.184 0.003 0.242 1065 30 1079 15 1087 16 102.4 1065 30
PC - 111 216.4 18.54 29260 99.60 1.840 0.043 0.177 0.003 0.252 1068 34 1058 15 1051 15 98.8 1068 34
PC - 108 83.4 1.74 11990 99.45 1.950 0.067 0.186 0.003 0.362 1070 57 1092 23 1098 18 104.4 1070 57
PC - 86 105.95 5.50 1231 99.41 1.926 0.058 0.184 0.003 0.157 1073 55 1086 20 1087 18 102.6 1073 55
PC - 20 326.1 2.16 45100 99.71 1.885 0.041 0.181 0.003 0.291 1075 28 1074 14 1071 15 99.9 1075 28
PC - 11 97.64 2.70 1113 99.51 1.929 0.057 0.184 0.003 0.275 1080 49 1087 20 1086 18 98.3 1080 49
PC - 4 1323 26.88 203800 99.95 1.944 0.036 0.187 0.003 0.527 1081 13 1096 12 1103 15 102.3 1081 13
PC - 48 76.08 1.38 1645 99.22 1.802 0.058 0.172 0.003 0.220 1083 56 1044 21 1022 18 94.6 1083 56
PC - 79 82.83 1.24 11770 99.54 1.979 0.072 0.188 0.003 0.035 1083 63 1104 23 1110 19 103.9 1083 63
PC - 21 268.7 2.62 38080 99.70 1.974 0.043 0.187 0.003 0.386 1103 28 1108 15 1107 16 99.5 1103 28
PC - 51 266.8 2.49 37630 99.66 2.001 0.047 0.189 0.003 0.337 1107 33 1114 16 1115 16 101.3 1107 33
PC - 114 363.5 3.59 5231 99.42 1.794 0.038 0.169 0.003 0.623 1108 27 1042 14 1009 15 90.7 1108 27
PC - 117 225.3 1.62 6404 99.58 1.960 0.046 0.184 0.003 0.366 1119 33 1100 16 1088 17 97.5 1119 33
PC - 45 388.6 4.30 14750 99.83 2.096 0.045 0.197 0.003 0.592 1119 25 1146 15 1159 18 104.3 1119 25
PC - 76 74.33 2.53 10690 99.47 2.135 0.068 0.197 0.004 0.278 1141 53 1158 21 1161 19 102.8 1141 53
PC - 88 109.5 3.03 16530 99.52 2.142 0.059 0.197 0.003 0.190 1150 45 1159 19 1160 18 101.8 1150 45
PC - 9 238.7 2.43 33960 99.56 2.019 0.048 0.187 0.003 0.424 1151 30 1120 16 1105 17 95.8 1151 30
PC - 110 158.3 3.16 23930 99.63 2.177 0.053 0.202 0.003 0.257 1153 38 1175 18 1184 18 103.0 1153 38
PC - 82 116.3 2.83 17130 99.39 2.137 0.064 0.195 0.003 0.234 1166 49 1157 20 1149 18 99.2 1166 49
PC - 24 473.8 1.71 68600 99.62 2.066 0.041 0.190 0.003 0.260 1168 23 1137 13 1120 16 95.7 1168 23
PC - 8 319.4 3.27 48600 99.70 2.184 0.048 0.200 0.003 0.191 1171 30 1175 15 1175 17 99.3 1171 30
PC - 7 151.3 1.98 1149 99.60 2.186 0.051 0.201 0.004 0.290 1171 37 1176 17 1178 19 100.8 1171 37
PC - 81 76.1 1.97 1308 99.57 2.316 0.068 0.212 0.004 0.260 1174 53 1213 21 1239 23 106.3 1174 53
PC - 49 88.6 1.22 1901 99.33 2.210 0.068 0.200 0.004 0.145 1177 54 1179 22 1175 19 99.0 1177 54
PC - 27 189.8 2.85 2249 99.70 2.217 0.055 0.203 0.003 0.165 1177 38 1186 17 1191 17 101.4 1177 38
PC - 46 95.96 0.99 14530 99.55 2.242 0.065 0.203 0.004 0.367 1184 44 1190 20 1193 20 101.5 1184 44
PC - 59 74.12 1.97 11160 99.45 2.234 0.068 0.203 0.004 0.339 1191 46 1187 22 1188 20 100.1 1191 46
PC - 50 316.9 1.34 4880 99.70 2.258 0.053 0.204 0.004 0.656 1197 26 1197 17 1196 20 99.7 1197 26
PC - 29 119.1 3.23 986 99.44 2.164 0.057 0.196 0.004 0.172 1198 43 1169 19 1153 19 96.0 1198 43
PC - 22 27 1.06 3247 98.19 2.080 0.110 0.182 0.005 0.499 1200 93 1122 37 1077 26 92.0 1200 93
PC - 3 213.4 2.16 4141 99.64 2.279 0.051 0.206 0.003 0.220 1203 33 1204 16 1205 18 100.4 1203 33
PC - 56 114 2.37 1111 99.56 2.296 0.058 0.206 0.004 0.208 1208 38 1208 18 1209 19 100.4 1208 38
PC - 119 86.9 1.74 12810 99.38 2.233 0.060 0.200 0.004 0.260 1209 41 1188 19 1175 20 97.5 1209 41
PC - 75 414.1 3.94 4533 99.88 2.394 0.046 0.215 0.003 0.302 1210 21 1240 14 1256 18 104.4 1210 21
PC - 99 218.8 1.84 36720 99.74 2.351 0.056 0.210 0.004 0.440 1214 30 1226 17 1231 20 102.0 1214 30
PC - 112 97.6 1.22 16880 99.41 2.374 0.069 0.210 0.004 0.110 1220 49 1230 22 1231 23 102.1 1220 49
PC - 35 43.65 1.68 1170 99.38 2.406 0.087 0.214 0.005 0.324 1225 63 1240 26 1247 24 102.7 1225 63
PC - 38 549.3 2.84 92100 99.74 2.456 0.046 0.214 0.003 0.467 1270 17 1259 14 1250 17 98.5 1270 17
PC - 10 48.52 1.67 7810 99.23 2.479 0.087 0.214 0.004 0.265 1278 59 1261 26 1249 22 98.3 1278 59
PC - 62 251.7 2.20 10745 99.69 2.589 0.054 0.223 0.004 0.290 1294 25 1296 15 1297 19 100.5 1294 25
PC - 13 12.25 0.64 157 98.32 2.860 0.190 0.228 0.007 0.280 1300 130 1335 51 1321 38 89.9 1300 130
PC - 37 113.9 1.36 20440 99.74 2.800 0.074 0.240 0.004 0.343 1301 38 1354 19 1385 22 107.6 1301 38
PC - 101 14.03 0.59 2339 98.53 2.460 0.310 0.203 0.007 0.338 1310 160 1230 75 1187 36 93.4 1310 160
PC - 43 180.4 1.36 1119 99.40 2.551 0.062 0.215 0.004 0.462 1329 30 1284 18 1257 20 94.4 1329 30
PC - 96 183.4 3.63 2000 99.80 2.867 0.063 0.242 0.004 0.350 1337 27 1371 17 1395 20 105.0 1337 27
PC - 92 300.5 1.69 6864 99.84 2.929 0.060 0.244 0.004 0.439 1360 23 1388 16 1405 20 104.0 1360 23
PC - 5 121.7 1.58 11035 99.68 2.899 0.071 0.241 0.004 0.211 1362 35 1381 18 1390 20 102.6 1362 35
PC - 93 125.1 1.34 5800 99.57 2.934 0.070 0.241 0.004 0.267 1385 33 1388 18 1390 20 100.8 1385 33
PC - 66 202.5 1.70 18115 99.60 2.881 0.065 0.235 0.004 0.419 1391 27 1375 17 1363 20 98.2 1391 27
PC - 105 81.81 1.17 7180 99.24 2.826 0.077 0.231 0.004 0.095 1396 42 1361 20 1338 21 95.6 1396 42
PC - 17 372.1 2.97 72020 99.80 3.180 0.064 0.253 0.004 0.440 1449 20 1451 16 1454 20 100.4 1449 20
PC - 41 239.2 1.68 3385 99.78 3.364 0.071 0.264 0.004 0.334 1471 25 1494 16 1510 21 103.3 1471 25
PC - 55 102.72 1.46 1650 99.45 3.328 0.082 0.258 0.004 0.290 1491 36 1487 19 1477 23 99.6 1491 36
PC - 83 227.3 3.50 17833 99.78 4.436 0.091 0.308 0.005 0.446 1703 22 1719 18 1731 25 102.0 1703 22
PC - 84 33.73 1.08 7690 99.24 4.410 0.140 0.301 0.006 0.259 1712 49 1707 25 1696 30 99.7 1712 49
PC - 63 316.6 1.61 74400 99.70 4.599 0.090 0.313 0.005 0.502 1741 18 1748 16 1753 25 101.0 1741 18
PC - 34 244.9 1.43 8900 99.30 4.869 0.096 0.312 0.005 0.572 1849 17 1796 17 1752 24 94.0 1849 17
U (ppm) U/Th 206Pbcps/ %Pb* 207Pb/ 2σ 206Pb/ 2σ err. 207Pb/ 2σ 207Pb/ 2σ 206Pb/ 2σ %conc
204Pbcps 235U 238U corr. 206Pb 235U 238U Best Age ±
Haleeka (Ma) (Ma)
HAL - 84 127.79 1.81 7000 99.82 0.516 0.020 0.068 0.001 0.071 406 86 420 13 423 8 100.6 423 8
HAL - 25 264.8 1.66 15080 99.98 0.536 0.015 0.072 0.001 0.193 345 58 435 10 450 8 103.4 450 8
HAL - 78 277.8 5.73 1315 99.78 0.560 0.015 0.072 0.001 0.117 443 58 450 10 450 8 100.0 450 8
HAL - 117 265.6 1.64 15330 99.73 0.558 0.014 0.072 0.001 0.001 443 59 450 10 451 8 100.2 451 8
HAL - 50 197 1.94 10920 99.49 0.591 0.019 0.073 0.001 0.140 518 71 469 12 455 9 97.0 455 9
HAL - 110 384.8 2.92 2333 99.59 0.586 0.015 0.074 0.002 0.415 514 52 467 10 457 9 97.9 457 9
HAL - 105 581 2.20 1247 99.76 0.565 0.016 0.074 0.001 0.133 436 60 454 10 458 8 100.8 458 8
HAL - 106 103.45 1.14 5920 99.66 0.585 0.026 0.074 0.002 0.053 466 94 464 17 460 9 99.2 460 9
HAL - 83 180.7 1.99 11720 100.05 0.552 0.025 0.074 0.002 0.244 347 92 444 16 462 10 103.9 462 10
HAL - 75 74.94 1.22 4457 99.66 0.586 0.028 0.075 0.002 0.102 449 97 464 18 463 10 99.8 463 10
HAL - 62 340 0.90 21260 99.52 0.604 0.018 0.075 0.001 0.181 542 62 479 11 463 8 96.7 463 8
HAL - 27 129.6 2.26 7595 99.97 0.562 0.022 0.075 0.001 0.161 355 82 450 15 464 9 103.1 464 9
HAL - 12 70 1.96 3860 99.82 0.606 0.035 0.078 0.002 0.281 400 110 474 22 483 13 101.9 483 13
HAL - 24 129.8 1.45 972 99.55 0.709 0.027 0.086 0.002 0.022 566 85 541 16 530 9 97.9 530 9
HAL - 57 332.8 1.85 1544 99.58 0.696 0.034 0.086 0.002 0.037 550 100 535 20 530 14 99.1 530 14
HAL - 115 137.7 1.60 9740 99.83 0.711 0.026 0.090 0.002 0.025 481 79 542 15 553 10 102.1 553 10
HAL - 22 132.4 1.60 9780 99.67 0.756 0.028 0.092 0.002 0.257 546 78 569 17 570 11 100.1 570 11
HAL - 19 104.3 1.63 331 99.57 0.787 0.030 0.095 0.002 0.259 572 81 588 17 582 12 99.0 582 12
HAL - 59 140.3 2.67 11070 99.60 0.837 0.028 0.099 0.002 0.264 612 67 614 15 610 11 99.3 610 11
HAL - 39 78.4 1.32 880 99.64 0.840 0.035 0.100 0.002 0.222 588 86 614 19 612 12 99.7 612 12
HAL - 11 147.1 0.64 1505 99.46 0.888 0.026 0.104 0.002 0.132 643 64 642 14 635 11 98.8 635 11
HAL - 31 288.9 6.05 4608 99.17 1.006 0.031 0.109 0.002 0.132 827 66 705 16 665 13 94.3 665 13
HAL - 60 81.8 0.84 7550 98.71 1.438 0.060 0.139 0.004 0.467 1041 74 903 24 840 21 80.4 840 21
HAL - 70 664.1 2.15 6062 99.66 1.429 0.021 0.147 0.003 0.557 948 22 900 9 881 14 92.6 881 14
HAL - 119 103.1 1.06 12820 99.59 1.401 0.046 0.148 0.003 0.291 889 62 887 20 891 17 100.1 891 17
HAL - 43 52.82 1.31 488 99.11 1.489 0.060 0.152 0.003 0.213 916 82 921 24 909 18 98.4 909 18
HAL - 48 117 1.45 554 98.99 1.601 0.049 0.153 0.003 0.313 1068 63 967 20 920 18 85.9 920 18
HAL - 16 92.87 0.89 11280 99.47 1.487 0.047 0.155 0.003 0.217 872 68 923 19 929 17 109.3 929 17
HAL - 18 229.8 1.37 29650 99.55 1.537 0.034 0.155 0.003 0.334 970 41 944 14 930 15 96.1 930 15
HAL - 98 253.4 3.58 30800 99.59 1.520 0.029 0.156 0.003 0.241 953 37 937 12 932 16 97.7 932 16
HAL - 67 160.2 2.66 5078 99.46 1.569 0.038 0.157 0.003 0.351 985 45 955 15 941 16 95.8 941 16
Isotope Ratios Apparent Ages (Ma)
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HAL - 61 395.1 4.30 50810 99.54 1.623 0.030 0.159 0.003 0.367 1030 30 978 11 953 16 92.3 953 16
HAL - 46 143.79 2.88 839 99.58 1.583 0.034 0.161 0.003 0.243 956 41 961 13 964 16 101.2 964 16
HAL - 4 91 1.38 11300 99.26 1.611 0.054 0.163 0.004 0.049 941 78 969 21 970 21 105.5 970 21
HAL - 3 47.9 2.26 356 99.27 1.628 0.066 0.164 0.004 0.170 929 86 975 25 978 21 108.8 978 21
HAL - 36 69.14 2.87 8760 99.42 1.643 0.047 0.164 0.003 0.212 990 56 985 18 980 18 99.5 980 18
HAL - 29 47.44 113.22 1194 99.25 1.642 0.064 0.165 0.004 0.164 943 85 978 25 981 20 107.2 981 20
HAL - 9 68.5 1.57 715 99.41 1.732 0.056 0.173 0.004 0.275 983 67 1015 21 1028 19 106.1 983 67
HAL - 21 132 3.33 17200 99.55 1.651 0.040 0.166 0.003 0.062 976 52 989 16 987 17 97.8 987 17
HAL - 73 228.1 3.99 30330 99.68 1.664 0.033 0.167 0.003 0.314 979 38 993 13 997 16 102.5 997 16
HAL - 38 60.08 2.97 7830 99.16 1.724 0.060 0.167 0.004 0.041 1031 75 1011 23 997 19 97.9 997 19
HAL - 65 182 2.62 25320 99.65 1.687 0.037 0.168 0.003 0.435 1002 39 1002 14 1002 18 99.7 1002 39
HAL - 116 59.2 3.18 8370 99.20 1.826 0.068 0.179 0.004 0.083 1008 78 1050 24 1062 20 107.5 1008 78
HAL - 23 211.3 4.10 28910 99.74 1.739 0.032 0.173 0.003 0.448 1010 32 1021 12 1026 16 102.1 1010 32
HAL - 97 912.6 6.03 124100 99.83 1.688 0.020 0.168 0.003 0.413 1015 18 1004 8 1002 15 98.3 1015 18
HAL - 13 76.54 2.83 624 99.21 1.732 0.058 0.170 0.003 0.111 1016 68 1017 22 1011 18 99.3 1016 68
HAL - 51 605.9 2.65 12086 99.83 1.732 0.023 0.172 0.003 0.384 1017 22 1020 9 1022 15 100.5 1017 22
HAL - 10 37.53 1.19 5019 99.10 1.803 0.085 0.172 0.004 0.287 1019 91 1033 30 1023 22 95.7 1019 91
HAL - 44 280.3 3.37 38370 99.72 1.790 0.029 0.177 0.003 0.056 1023 32 1041 10 1048 16 102.9 1023 32
HAL - 96 102.48 2.75 13710 99.42 1.741 0.048 0.171 0.003 0.100 1024 55 1020 17 1015 17 99.9 1024 55
HAL - 103 68.6 1.27 708 99.36 1.725 0.055 0.169 0.003 0.250 1028 61 1015 20 1006 18 98.4 1028 61
HAL - 20 228.3 3.30 2321 99.66 1.761 0.033 0.173 0.003 0.345 1030 34 1029 12 1026 16 99.8 1030 34
HAL - 53 431.7 2.32 7676 99.78 1.802 0.028 0.177 0.003 0.374 1037 26 1045 10 1049 16 101.4 1037 26
HAL - 40 27.85 1.24 1885 99.00 1.860 0.110 0.174 0.005 0.179 1040 120 1051 38 1030 25 95.8 1040 120
HAL - 111 113.2 1.66 897 99.60 1.846 0.047 0.180 0.003 0.279 1044 47 1058 17 1067 18 102.8 1044 47
HAL - 77 166.4 1.11 3630 99.59 1.795 0.038 0.175 0.003 0.454 1045 37 1041 14 1040 18 99.8 1045 37
HAL - 69 146.5 2.77 19490 99.54 1.737 0.040 0.169 0.003 0.379 1046 41 1021 15 1008 17 96.4 1046 41
HAL - 54 257 8.13 2312 99.72 1.860 0.038 0.181 0.003 0.371 1047 38 1065 14 1073 18 103.1 1047 38
HAL - 52 52.73 0.87 1476 99.16 1.818 0.062 0.174 0.004 0.153 1048 70 1045 22 1036 19 99.4 1048 70
HAL - 112 422.7 2.45 29415 99.81 1.822 0.029 0.178 0.003 0.345 1049 27 1052 11 1057 16 100.7 1049 27
HAL - 34 73.7 1.75 10730 99.42 1.879 0.054 0.181 0.004 0.232 1051 58 1071 20 1073 19 103.5 1051 58
HAL - 81 433.8 10.35 20953 99.70 1.808 0.028 0.176 0.003 0.256 1052 28 1047 10 1046 16 99.4 1052 28
HAL - 64 59.6 0.88 7880 99.01 1.806 0.065 0.171 0.004 0.034 1073 77 1040 23 1018 20 96.2 1073 77
HAL - 68 566.4 2.80 75900 99.69 1.780 0.026 0.172 0.003 0.584 1077 21 1037 9 1022 17 94.3 1077 21
HAL - 82 44.64 1.38 6440 99.14 1.872 0.066 0.179 0.004 0.163 1083 67 1064 24 1060 21 98.2 1083 67
HAL - 118 924 10.56 16489 99.83 1.914 0.028 0.184 0.003 0.416 1091 24 1086 10 1088 17 100.7 1091 24
HAL - 89 72.04 3.49 11270 99.56 2.086 0.061 0.195 0.004 0.390 1121 53 1139 20 1147 21 103.5 1121 53
HAL - 37 67.4 3.16 2683 99.62 2.192 0.059 0.204 0.004 0.362 1131 50 1176 19 1197 22 107.1 1131 50
HAL - 79 490 3.22 3505 99.82 2.108 0.031 0.197 0.003 0.325 1141 24 1151 10 1159 17 101.5 1141 24
HAL - 28 149.8 1.88 23980 99.73 2.163 0.043 0.200 0.003 0.236 1142 37 1167 14 1177 18 104.0 1142 37
HAL - 32 77.3 2.12 11830 99.41 2.134 0.058 0.197 0.004 0.354 1144 51 1155 19 1158 21 102.3 1144 51
HAL - 95 243.9 2.86 16625 99.44 1.986 0.037 0.184 0.004 0.445 1155 33 1109 13 1088 20 93.7 1155 33
HAL - 41 563.3 5.27 88800 99.81 2.159 0.029 0.199 0.003 0.436 1165 21 1167 9 1168 17 100.4 1165 21
HAL - 107 156.2 1.68 25160 99.53 2.136 0.041 0.196 0.003 0.180 1171 38 1158 13 1153 18 98.5 1171 38
HAL - 1 271.6 2.17 6209 99.70 2.200 0.036 0.201 0.003 0.256 1172 29 1180 11 1180 18 101.3 1172 29
HAL - 114 243.8 2.70 38300 99.60 2.129 0.036 0.196 0.003 0.175 1174 32 1158 12 1153 18 97.8 1174 32
HAL - 6 22.03 3.11 320 98.40 1.930 0.098 0.170 0.005 0.235 1180 100 1077 34 1012 26 87.8 1180 100
HAL - 35 394 24.46 62040 99.76 2.182 0.030 0.199 0.003 0.388 1183 22 1174 10 1169 18 98.9 1183 22
HAL - 87 206 5.05 2336 99.53 2.135 0.040 0.195 0.003 0.315 1187 32 1160 13 1148 18 96.2 1187 32
HAL - 74 55.5 3.06 1964 99.61 2.208 0.090 0.201 0.004 0.111 1187 77 1179 28 1182 24 100.5 1187 77
HAL - 76 157.7 3.60 26150 99.64 2.310 0.044 0.208 0.004 0.183 1212 35 1213 14 1216 19 100.5 1212 35
HAL - 7 264.6 5.28 23650 99.82 2.489 0.040 0.222 0.004 0.260 1218 28 1267 12 1293 19 107.3 1218 28
HAL - 26 442.5 0.99 75000 99.80 2.465 0.038 0.217 0.004 0.511 1253 23 1262 11 1266 20 101.2 1253 23
HAL - 15 43.8 2.46 8390 99.47 2.772 0.100 0.238 0.005 0.341 1264 67 1342 28 1377 27 112.1 1264 67
HAL - 30 283.5 2.11 6183 99.80 2.494 0.035 0.218 0.004 0.401 1265 22 1269 10 1270 19 100.7 1265 22
HAL - 14 60.6 1.47 1120 99.38 2.637 0.078 0.227 0.005 0.362 1278 56 1305 22 1315 28 104.6 1278 56
HAL - 33 184.3 2.39 31340 99.59 2.506 0.047 0.217 0.004 0.339 1279 34 1273 14 1268 20 99.3 1279 34
HAL - 66 320 4.56 45750 98.87 2.080 0.056 0.180 0.004 0.812 1285 29 1140 18 1065 24 81.7 1285 29
HAL - 72 53.73 1.38 9210 99.27 2.549 0.082 0.218 0.004 0.407 1292 59 1278 24 1271 23 99.2 1292 59
HAL - 90 130.8 2.16 23340 99.52 2.627 0.055 0.223 0.004 0.323 1318 38 1305 16 1299 20 98.7 1318 38
HAL - 88 87.93 2.60 1238 99.48 2.667 0.065 0.227 0.004 0.352 1321 44 1315 18 1316 22 100.2 1321 44
HAL - 102 647.3 3.67 9011 99.65 2.560 0.041 0.217 0.004 0.652 1332 22 1289 12 1266 20 94.4 1332 22
HAL - 85 207.7 1.72 2163 99.43 2.737 0.064 0.225 0.004 0.598 1388 35 1336 17 1307 22 93.6 1388 35
HAL - 47 37.4 1.33 6680 98.77 2.943 0.099 0.234 0.005 0.183 1416 67 1384 26 1353 26 97.0 1416 67
HAL - 17 327.8 6.20 65320 99.85 3.206 0.043 0.257 0.004 0.306 1433 22 1458 10 1472 22 103.4 1433 22
HAL - 58 136 1.98 4011 99.68 3.255 0.065 0.260 0.005 0.307 1436 35 1467 16 1491 24 104.5 1436 35
HAL - 80 135.6 5.12 1109 99.79 3.372 0.065 0.270 0.005 0.251 1436 36 1495 15 1539 25 108.3 1436 36
HAL - 94 667 2.33 22250 99.85 3.163 0.036 0.251 0.004 0.556 1462 14 1448 9 1442 20 98.2 1462 14
HAL - 108 110.3 1.84 24090 99.51 3.165 0.084 0.250 0.005 0.238 1462 49 1446 20 1439 25 98.3 1462 49
HAL - 55 213.3 3.30 6481 99.88 3.398 0.056 0.267 0.005 0.342 1470 27 1502 13 1526 23 104.4 1470 27
HAL - 92 166.8 2.24 3101 99.68 3.295 0.062 0.260 0.005 0.429 1471 31 1479 15 1490 23 101.1 1471 31
HAL - 113 487.3 2.59 110900 99.78 3.253 0.043 0.256 0.005 0.129 1476 28 1469 10 1469 24 99.2 1476 28
HAL - 99 177.3 2.35 5199 99.62 3.320 0.063 0.260 0.004 0.311 1484 32 1483 15 1488 22 100.2 1484 32
HAL - 45 63.6 1.91 897 99.76 3.565 0.084 0.278 0.006 0.405 1488 40 1537 19 1582 28 107.1 1488 40
HAL - 71 225 2.59 3992 99.77 3.347 0.057 0.261 0.004 0.478 1494 25 1492 13 1494 23 100.2 1494 25
HAL - 104 181.3 1.30 12840 99.69 3.419 0.064 0.264 0.004 0.399 1512 29 1506 15 1509 23 100.4 1512 29
HAL - 109 633.1 4.44 6695 99.86 3.461 0.044 0.266 0.004 0.655 1521 16 1518 10 1521 22 100.3 1521 16
HAL - 93 437 1.09 15817 99.80 3.609 0.046 0.273 0.005 0.391 1550 19 1551 10 1558 23 100.2 1550 19
HAL - 91 227.9 1.94 51940 99.70 3.981 0.064 0.288 0.005 0.541 1633 23 1629 13 1630 26 100.3 1633 23
HAL - 42 290.6 2.19 5783 97.76 3.033 0.050 0.217 0.004 0.420 1645 26 1416 12 1267 20 74.8 1645 26
HAL - 86 285 1.82 5562 99.85 4.609 0.061 0.315 0.005 0.406 1738 19 1750 11 1764 25 101.6 1738 19
HAL - 8 146.3 0.94 5001 99.49 4.508 0.080 0.304 0.005 0.521 1748 26 1730 15 1709 27 98.1 1748 26
HAL - 2 122.5 1.73 7663 99.66 4.784 0.079 0.322 0.006 0.222 1759 28 1780 14 1796 27 102.8 1759 28
HAL - 63 368.2 2.30 88700 99.63 4.529 0.056 0.306 0.005 0.584 1763 16 1736 10 1718 25 96.9 1763 16
HAL - 100 207.5 1.24 3178 99.48 4.537 0.063 0.305 0.005 0.232 1769 22 1737 12 1716 25 96.3 1769 22
HAL - 56 329 2.33 6446 98.88 4.290 0.084 0.285 0.006 0.682 1785 19 1691 16 1614 30 89.4 1785 19
HAL - 5 51 1.21 2308 99.24 5.940 0.140 0.356 0.007 0.373 1955 39 1962 21 1963 33 101.4 1955 39
HAL - 49 239.5 1.79 73200 99.86 6.727 0.093 0.381 0.006 0.590 2071 18 2075 12 2081 30 100.6 2071 18
HAL - 120 90.5 1.18 32640 99.49 10.260 0.170 0.464 0.008 0.583 2468 20 2456 15 2456 37 99.0 2468 20
HAL - 101 147 1.35 59600 99.07 14.150 0.170 0.524 0.009 0.502 2797 15 2759 12 2716 37 96.2 2797 15
Comments U (ppm) U/Th 206Pbcps/ %Pb* 207Pb/ 2σ 206Pb/ 2σ err. 207Pb/ 2σ 207Pb/ 2σ 206Pb/ 2σ %conc
204Pbcps 235U 238U corr. 206Pb 235U 238U Best Age ±
Perryville (Ma) (Ma)
PVL (Run2) - 116 322 4.40 2234 99.10 0.486 0.020 0.0588 0.0020 0.667 583 63 400 14 368 12 92.0 368 12
PVL (Run2) - 77 310.2 1.60 14730 99.64 0.446 0.018 0.0588 0.0013 0.209 468 60 373 13 368 8 98.6 368 8
PVL - 85 178.1 1.22 3370 99.77 0.446 0.017 0.059 0.001 0.039 380 80 373 12 369 6 98.9 369 6
PVL - 95 149 1.09 7190 99.09 0.501 0.023 0.060 0.001 0.166 579 88 412 15 376 7 91.3 376 7
PVL - 99 371.1 0.76 3497 99.70 0.465 0.015 0.060 0.001 0.110 413 61 387 10 378 5 97.6 378 5
PVL - 50 184 1.65 10310 99.67 0.468 0.019 0.061 0.001 0.001 413 75 388 13 382 6 98.5 382 6
PVL - 15 817 8.42 2350 99.79 0.459 0.010 0.061 0.001 0.247 369 33 384 7 384 5 100.2 384 5
PVL - 17 322.9 1.46 1239 99.05 0.522 0.015 0.062 0.001 0.352 622 50 426 10 386 5 90.6 386 5
PVL - 56 565 2.78 34140 99.67 0.492 0.013 0.063 0.001 0.274 447 42 406 9 396 6 97.7 396 6
PVL - 35 280.2 1.52 3518 99.42 0.503 0.015 0.063 0.001 0.018 492 59 413 10 397 5 96.1 397 5
PVL - 33 431.8 2.02 26050 99.66 0.493 0.014 0.064 0.001 0.157 433 49 407 9 400 5 98.3 400 5
PVL - 9 113.2 1.60 426 99.76 0.488 0.027 0.064 0.001 0.082 380 99 403 17 401 7 99.6 401 7
PVL - 12 388 1.74 26320 99.40 0.515 0.012 0.065 0.002 0.132 525 51 421 8 403 10 95.7 403 10
Isotope Ratios Apparent Ages (Ma)
95
PVL (Run2) - 68 137.9 1.77 368 99.85 0.483 0.023 0.0648 0.0016 0.099 410 87 401 15 405 10 100.9 405 10
PVL (Run2) - 76 213.4 2.43 9990 99.50 0.512 0.020 0.0648 0.0016 0.370 515 67 418 13 405 10 96.8 405 10
PVL - 23 339.8 1.40 1145 99.65 0.511 0.015 0.065 0.001 0.298 457 49 418 10 409 6 97.7 409 6
PVL - 87 774 6.52 1328 98.93 0.572 0.013 0.065 0.001 0.372 703 35 459 9 409 5 89.1 409 5
PVL (Run2) - 60 224 2.69 1757 99.67 0.508 0.019 0.0656 0.0014 0.208 430 70 415 13 410 9 98.7 410 9
PVL (Run2) - 69 411 1.46 20000 99.83 0.497 0.017 0.0657 0.0014 0.490 400 54 409 11 410 9 100.2 410 9
PVL - 104 327.5 0.89 1205 99.53 0.520 0.015 0.066 0.001 0.239 481 51 424 10 411 6 96.8 411 6
PVL - 7 482 2.77 386 95.54 0.833 0.035 0.067 0.001 0.106 1383 77 611 19 416 6 68.1 416 6
PVL (Run2) - 79 124.5 1.33 7000 99.59 0.530 0.430 0.0667 0.0048 0.117 450 260 430 120 416 28 96.8 416 28
PVL (Run2) - 89 430.1 1.45 5798 99.33 0.553 0.019 0.0672 0.0016 0.573 602 50 447 13 419 10 93.7 419 10
PVL (Run2) - 113 169.4 2.52 1138 99.75 0.512 0.017 0.0672 0.0015 0.115 395 60 420 11 419 9 99.9 419 9
PVL - 21 732 2.79 3475 99.75 0.516 0.014 0.068 0.001 0.043 420 41 422 9 421 5 99.8 421 5
PVL (Run2) - 90 578 3.03 1525 99.46 0.548 0.031 0.0676 0.0015 0.207 565 78 443 18 422 9 95.2 422 9
PVL - 76 292.1 2.40 3010 99.30 0.558 0.017 0.068 0.001 0.003 541 61 449 11 426 6 94.9 426 6
PVL - 42 362.9 2.81 22000 99.54 0.545 0.017 0.069 0.001 0.462 496 54 440 11 428 7 97.3 428 7
PVL (Run2) - 17 314.8 1.01 17820 99.86 0.516 0.015 0.0687 0.0014 0.252 402 54 421 10 429 8 101.7 429 8
PVL (Run2) - 82 322.4 2.71 16670 99.75 0.527 0.016 0.0694 0.0016 0.245 453 54 430 11 433 10 100.7 433 10
PVL - 28 305.4 1.59 1450 99.71 0.536 0.015 0.070 0.001 0.152 438 51 436 10 434 6 99.5 434 6
PVL - 36 233.1 2.68 15380 99.73 0.541 0.018 0.070 0.001 0.009 437 63 438 12 435 6 99.4 435 6
PVL - 19 340 2.84 22540 99.63 0.547 0.015 0.070 0.001 0.322 475 47 442 10 435 7 98.4 435 7
PVL - 103 499.9 5.69 7730 99.71 0.543 0.014 0.070 0.001 0.349 456 42 440 10 435 6 99.0 435 6
PVL - 10 170 0.79 11220 99.53 0.563 0.023 0.070 0.002 0.448 494 72 450 15 436 9 96.8 436 9
PVL - 4 737.6 1.55 7357 99.72 0.548 0.012 0.070 0.001 0.375 467 30 443 8 436 6 98.5 436 6
PVL - 26 676 3.30 48700 99.76 0.541 0.013 0.070 0.001 0.253 430 38 439 8 439 6 100.0 439 6
PVL - 61 838 6.82 59800 99.78 0.554 0.013 0.071 0.001 0.338 472 28 448 8 441 6 98.6 441 6
PVL (Run2) - 97 133.7 1.07 8240 99.46 0.578 0.024 0.0713 0.0016 0.258 486 76 460 15 444 10 96.5 444 10
PVL - 6 868.9 2.50 61600 99.83 0.548 0.012 0.072 0.001 0.308 411 30 443 8 448 6 101.1 448 6
PVL (Run2) - 26 531 9.14 30530 99.74 0.558 0.014 0.0721 0.0014 0.222 467 39 449 9 449 9 99.9 449 9
PVL (Run2) - 61 358.6 3.48 20520 99.75 0.562 0.017 0.0722 0.0016 0.077 457 57 452 11 449 9 99.4 449 9
PVL (Run2) - 59 500.7 1.43 29090 99.73 0.558 0.015 0.0722 0.0015 0.226 440 44 449 10 449 9 100.0 449 9
PVL (Run2) - 120 305 1.87 929 99.66 0.565 0.018 0.0725 0.0015 0.172 478 53 453 11 451 9 99.5 451 9
PVL - 70 215 1.18 3548 99.71 0.577 0.018 0.074 0.001 0.030 437 61 461 12 461 6 100.0 461 6
PVL (Run2) - 36 596 3.22 35930 99.83 0.573 0.015 0.0750 0.0016 0.242 426 41 459 10 466 9 101.5 466 9
PVL (Run2) - 39 280.4 1.98 3370 99.67 0.588 0.016 0.0755 0.0016 0.192 457 48 469 10 469 9 100.1 469 9
PVL (Run2) - 111 302 1.74 18680 99.65 0.598 0.017 0.0755 0.0016 0.014 468 50 475 11 469 9 98.8 469 9
PVL (Run2) - 49 391 3.43 8467 99.47 0.619 0.017 0.0756 0.0016 0.403 557 45 488 11 470 10 96.2 470 10
PVL (Run2) - 5 133.2 3.27 8860 99.73 0.600 0.024 0.0761 0.0017 0.061 460 79 475 15 473 10 99.5 473 10
PVL - 75 263.9 1.56 18740 99.46 0.626 0.018 0.077 0.001 0.136 549 53 493 12 475 7 96.4 475 7
PVL (Run2) - 29 326.6 2.55 3375 99.59 0.612 0.018 0.0767 0.0016 0.014 525 49 484 11 476 10 98.4 476 10
PVL - 53 201.6 1.47 559 96.78 0.870 0.034 0.077 0.001 0.140 1213 71 631 18 477 6 75.6 477 6
PVL (Run2) - 8 332.2 8.26 21110 99.69 0.605 0.017 0.0769 0.0017 0.315 491 51 480 11 478 10 99.6 478 10
PVL (Run2) - 64 169.5 2.30 1273 99.55 0.616 0.022 0.0772 0.0017 0.236 512 66 485 14 479 10 98.8 479 10
PVL - 20 252.1 1.04 4805 99.64 0.626 0.018 0.077 0.001 0.243 535 49 492 11 480 7 97.4 480 7
PVL (Run2) - 86 176.3 1.56 2650 99.75 0.600 0.020 0.0777 0.0016 0.052 470 66 477 13 483 10 101.2 483 10
PVL (Run2) - 57 468 4.83 1054 99.66 0.619 0.140 0.0782 0.0020 0.136 483 160 489 57 485 12 99.3 485 12
PVL - 91 578 11.16 43900 99.82 0.612 0.017 0.079 0.001 0.517 441 45 484 10 489 8 101.0 489 8
PVL (Run2) - 16 283.3 6.51 803 98.08 0.787 0.040 0.0789 0.0025 0.779 975 64 583 22 489 15 83.9 489 15
PVL (Run2) - 15 327 3.88 11015 99.81 0.631 0.017 0.0810 0.0016 0.140 487 46 496 11 502 10 101.3 502 10
PVL (Run2) - 40 207.2 0.80 1749 99.82 0.631 0.021 0.0817 0.0017 0.086 427 64 497 13 506 10 101.9 506 10
PVL (Run2) - 109 424.5 5.49 29260 98.61 0.780 0.028 0.0828 0.0021 0.172 835 48 584 17 513 12 87.7 513 12
PVL - 64 61.3 0.96 4680 99.81 0.670 0.032 0.085 0.002 0.288 469 90 516 19 523 10 101.4 523 10
PVL - 65 293.8 2.55 2333 99.56 0.708 0.019 0.086 0.002 0.449 577 47 542 11 532 10 98.2 532 10
PVL - 59 61 0.69 284 99.37 0.753 0.180 0.087 0.003 0.188 630 180 563 69 536 15 95.2 536 15
PVL (Run2) - 48 96.6 1.47 6990 99.58 0.732 0.031 0.0887 0.0021 0.159 555 86 556 19 548 12 98.6 548 12
PVL (Run2) - 110 306.9 2.45 8383 99.52 0.818 0.023 0.0964 0.0020 0.293 630 44 606 13 593 12 97.9 593 12
PVL - 105 462.2 0.83 7273 99.88 0.800 0.021 0.097 0.002 0.420 593 30 596 11 599 9 100.4 599 9
PVL (Run2) - 10 130.6 1.26 11000 99.74 0.823 0.029 0.1000 0.0022 0.049 575 71 606 16 614 13 101.4 614 13
PVL (Run2) - 3 491.8 0.99 3556 99.61 0.880 0.022 0.1034 0.0020 0.001 636 40 640 12 634 12 99.2 634 12
PVL - 98 134.9 0.78 2406 99.42 0.911 0.031 0.104 0.002 0.107 691 67 654 16 637 10 97.4 637 10
PVL (Run2) - 56 202.3 1.13 1393 99.69 0.886 0.025 0.1048 0.0022 0.375 629 48 642 14 642 13 100.0 642 13
PVL (Run2) - 66 557 0.93 1763 99.73 0.894 0.020 0.1062 0.0024 0.291 654 32 648 11 651 14 100.5 651 14
PVL (Run2) - 78 502 25.50 44700 99.83 0.923 0.029 0.1118 0.0032 0.462 611 39 663 15 683 19 103.0 683 19
PVL - 84 946 2.45 12013 99.55 1.014 0.020 0.112 0.001 0.384 781 21 710 10 685 8 96.4 685 8
PVL (Run2) - 58 113.5 2.84 1350 99.17 1.090 0.040 0.1183 0.0026 0.058 791 74 744 20 721 15 96.9 721 15
PVL (Run2) - 102 408 2.48 2550 99.75 1.043 0.032 0.1187 0.0034 0.602 736 32 724 16 723 20 99.9 723 20
PVL - 67 212 1.44 1941 99.30 1.401 0.037 0.142 0.002 0.368 961 41 887 16 857 14 88.9 857 14
PVL - 102 866.8 1.78 27700 99.56 1.415 0.030 0.144 0.002 0.678 956 20 896 12 868 11 90.5 868 11
PVL - 31 53.77 1.00 622 99.29 1.426 0.055 0.147 0.003 0.111 910 74 894 23 881 14 98.3 881 14
PVL - 52 447.3 7.69 60800 99.48 1.462 0.035 0.148 0.002 0.397 972 31 913 14 888 13 91.1 888 13
PVL - 14 90.6 2.64 12820 99.47 1.414 0.046 0.148 0.002 0.266 875 58 891 19 890 13 96.6 890 13
PVL - 79 786.8 0.61 32800 99.64 1.449 0.034 0.148 0.003 0.473 943 19 909 14 892 16 94.6 892 16
PVL - 25 167.2 1.21 8093 98.15 1.773 0.080 0.152 0.005 0.828 1279 42 1028 31 912 30 70.2 912 30
PVL (Run2) - 31 89.1 2.48 2790 98.79 1.655 0.051 0.1548 0.0036 0.228 1138 52 990 19 927 20 80.1 927 20
PVL - 54 300.8 1.15 42660 99.78 1.496 0.032 0.155 0.002 0.353 925 26 928 13 929 12 100.6 929 12
PVL - 92 195.7 2.04 1108 98.83 1.705 0.043 0.156 0.002 0.504 1169 32 1008 16 932 13 78.8 932 13
PVL (Run2) - 34 267.2 3.87 6250 99.57 1.560 0.076 0.1567 0.0060 0.029 887 33 953 25 938 32 88.3 938 32
PVL - 63 52.5 1.52 2060 99.37 1.694 0.066 0.171 0.003 0.258 952 70 1002 24 1015 18 109.0 952 70
PVL - 47 684.4 50.70 107600 99.59 1.637 0.031 0.160 0.002 0.434 1046 18 984 12 959 11 90.9 959 11
PVL - 32 171.3 1.47 26530 99.66 1.597 0.040 0.162 0.002 0.282 968 36 967 16 968 13 100.2 968 13
PVL (Run2) - 63 200.6 0.78 8500 99.66 1.641 0.042 0.1640 0.0035 0.520 1000 34 984 16 979 19 97.8 979 19
PVL (Run2) - 62 366.9 1.19 5168 99.62 1.655 0.043 0.1644 0.0035 0.141 1054 27 990 16 981 19 90.8 981 19
PVL - 5 210.2 2.27 330 91.46 3.211 0.110 0.165 0.007 0.788 2232 33 1457 24 983 39 40.1 983 39
PVL - 90 53.7 1.67 473 99.24 1.680 0.061 0.165 0.003 0.190 1002 66 998 23 985 16 99.8 985 16
PVL - 38 388.2 3.08 60500 99.74 1.676 0.034 0.166 0.002 0.402 1021 22 999 13 988 12 96.7 988 12
PVL - 109 188 1.31 31090 99.76 1.783 0.048 0.178 0.003 0.165 989 40 1037 17 1056 15 108.1 989 40
PVL - 78 328.4 3.67 2909 99.43 1.734 0.068 0.166 0.006 0.390 1080 30 1020 29 990 32 91.4 990 32
PVL - 39 159.4 1.20 25320 99.53 1.686 0.042 0.166 0.002 0.117 1019 39 1001 16 992 12 97.6 992 12
PVL (Run2) - 18 169.4 1.58 23650 99.65 1.678 0.046 0.1695 0.0034 0.189 993 43 997 17 1009 19 101.2 993 43
PVL (Run2) - 14 55.37 2.95 859 99.40 1.642 0.057 0.1677 0.0039 0.180 958 68 984 23 999 21 104.7 999 21
PVL - 68 296.9 3.84 46200 99.69 1.691 0.044 0.168 0.003 0.313 998 31 1004 17 1000 19 98.9 1000 19
PVL (Run2) - 12 464.4 5.48 68800 99.82 1.733 0.036 0.1737 0.0034 0.230 1015 24 1020 13 1033 19 100.9 1015 24
PVL (Run2) - 87 141.6 2.32 18720 99.70 1.757 0.046 0.1753 0.0037 0.148 1023 44 1029 16 1041 20 101.1 1023 44
PVL (Run2) - 13 382 3.85 53500 99.75 1.727 0.037 0.1719 0.0035 0.329 1031 28 1018 14 1022 20 101.9 1031 28
PVL (Run2) - 44 127.7 3.61 6690 99.15 1.821 0.067 0.1699 0.0063 0.016 1047 49 1050 29 1012 36 99.0 1047 49
PVL - 55 95.7 1.58 16710 99.38 1.788 0.095 0.173 0.003 0.029 1048 76 1037 31 1028 16 98.9 1048 76
PVL (Run2) - 7 218.3 5.26 31600 99.47 1.772 0.043 0.1711 0.0036 0.256 1067 37 1033 16 1018 20 95.3 1067 37
PVL (Run2) - 38 112.9 1.28 15920 99.52 1.871 0.053 0.1801 0.0040 0.308 1072 44 1070 19 1067 22 99.8 1072 44
PVL (Run2) - 117 94.6 1.52 2708 99.35 1.851 0.057 0.1767 0.0040 0.382 1081 51 1060 20 1048 22 97.4 1081 51
PVL - 24 44.2 4.09 1972 99.71 2.443 0.092 0.229 0.005 0.287 1090 68 1246 27 1330 25 126.9 1090 68
PVL - 22 493 2.39 6364 99.78 1.940 0.040 0.185 0.003 0.647 1093 20 1095 14 1096 16 100.3 1093 20
PVL - 72 155.9 2.21 25550 99.57 1.954 0.046 0.184 0.003 0.272 1103 33 1098 16 1090 14 99.5 1103 33
PVL (Run2) - 46 93.5 3.80 14660 99.55 1.994 0.058 0.1884 0.0040 0.350 1105 46 1112 19 1112 22 98.7 1105 46
PVL (Run2) - 83 47.9 1.14 6760 99.30 1.984 0.071 0.1893 0.0046 0.091 1112 67 1106 25 1117 25 100.3 1112 67
PVL - 71 226.1 1.62 6192 99.42 1.864 0.041 0.175 0.002 0.461 1118 28 1067 15 1038 13 92.9 1118 28
PVL - 45 51.03 1.82 1111 99.23 2.015 0.068 0.187 0.003 0.251 1122 62 1114 23 1107 18 99.8 1122 62
PVL - 96 546 4.35 20400 99.46 1.843 0.039 0.173 0.002 0.509 1124 23 1060 14 1026 13 91.0 1124 23
PVL (Run2) - 4 113.9 1.60 18800 99.58 2.094 0.055 0.1942 0.0039 0.150 1131 39 1144 18 1144 21 97.7 1131 39
PVL - 88 164.4 2.34 9687 99.59 2.033 0.061 0.189 0.004 0.360 1131 34 1125 22 1114 24 99.3 1131 34
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PVL - 80 270.8 4.10 47630 99.71 2.064 0.050 0.192 0.003 0.369 1133 26 1136 16 1132 17 99.4 1133 26
PVL (Run2) - 74 140.7 1.24 5625 99.74 2.142 0.056 0.2019 0.0043 0.263 1139 39 1160 18 1185 23 103.5 1139 39
PVL (Run2) - 22 151 3.95 1436 99.56 1.856 0.052 0.1788 0.0039 0.157 1140 34 1066 17 1060 21 89.5 1140 34
PVL (Run2) - 112 253.9 2.46 2386 99.75 2.168 0.049 0.2001 0.0040 0.172 1141 29 1169 16 1176 22 104.4 1141 29
PVL (Run2) - 101 648.7 18.38 100600 99.59 2.004 0.043 0.1836 0.0036 0.438 1142 19 1116 14 1086 20 96.4 1142 19
PVL - 60 108.9 1.77 2849 99.65 2.172 0.057 0.201 0.003 0.202 1145 42 1169 18 1180 17 104.0 1145 42
PVL - 106 340.7 2.51 62100 99.87 2.194 0.046 0.203 0.003 0.377 1148 24 1178 15 1193 14 104.6 1148 24
PVL (Run2) - 53 185.5 2.08 9210 99.60 2.119 0.051 0.1944 0.0040 0.341 1151 33 1153 17 1145 22 99.4 1151 33
PVL - 83 80.1 3.36 810 99.01 1.836 0.063 0.169 0.003 0.488 1152 50 1053 23 1004 17 87.0 1152 50
PVL (Run2) - 19 163.5 0.93 26110 99.71 2.099 0.054 0.1963 0.0042 0.502 1153 33 1146 18 1155 22 100.7 1153 33
PVL (Run2) - 41 295 3.30 5011 99.63 2.041 0.045 0.1889 0.0037 0.260 1155 29 1128 15 1116 20 96.3 1155 29
PVL - 29 561 3.29 20260 99.81 2.142 0.041 0.198 0.003 0.359 1158 20 1162 13 1162 14 100.6 1158 20
PVL (Run2) - 55 49.1 3.64 1434 99.15 2.160 0.084 0.1953 0.0053 0.249 1159 74 1160 27 1149 28 98.7 1159 74
PVL - 66 281.6 1.08 7506 99.64 2.076 0.050 0.191 0.004 0.752 1162 25 1139 17 1124 19 97.0 1162 25
PVL - 62 112.7 2.05 21400 99.61 2.195 0.059 0.201 0.003 0.407 1167 41 1176 19 1181 17 101.8 1167 41
PVL (Run2) - 45 141.5 2.66 23400 99.56 2.231 0.059 0.2023 0.0043 0.285 1186 40 1188 19 1187 23 99.3 1186 40
PVL (Run2) - 95 167.5 0.81 3465 99.42 2.211 0.053 0.1970 0.0040 0.099 1198 36 1184 17 1159 21 98.1 1198 36
PVL (Run2) - 30 152.6 1.96 26070 99.73 2.287 0.055 0.2080 0.0043 0.363 1199 31 1206 17 1218 23 101.3 1199 31
PVL - 93 49.36 1.89 8010 98.88 2.088 0.074 0.186 0.003 0.225 1201 65 1145 25 1104 19 92.2 1201 65
PVL - 18 210.9 4.19 45400 99.72 2.350 0.055 0.210 0.003 0.116 1203 31 1226 17 1230 16 103.5 1203 31
PVL (Run2) - 51 257 3.55 1832 99.64 2.239 0.051 0.2017 0.0042 0.464 1205 26 1192 16 1184 23 98.4 1205 26
PVL (Run2) - 99 189.4 3.08 8475 99.61 2.338 0.055 0.2071 0.0043 0.354 1216 30 1224 17 1213 23 98.9 1216 30
PVL (Run2) - 27 71.6 2.01 592 99.19 2.192 0.070 0.1963 0.0047 0.211 1219 51 1176 23 1155 25 94.4 1219 51
PVL (Run2) - 106 229 1.40 35600 99.45 2.277 0.056 0.2005 0.0041 0.410 1219 32 1203 17 1178 22 98.0 1219 32
PVL - 41 78.1 0.88 1861 98.89 2.026 0.067 0.180 0.003 0.307 1230 50 1128 22 1068 17 85.9 1230 50
PVL - 82 480 3.33 87300 99.62 2.284 0.049 0.202 0.003 0.595 1232 21 1206 16 1185 15 96.6 1232 21
PVL (Run2) - 88 339.1 2.59 56400 99.87 2.413 0.052 0.2172 0.0044 0.336 1236 24 1245 15 1267 23 101.5 1236 24
PVL - 1 295 7.36 33350 99.88 2.402 0.095 0.216 0.006 0.337 1241 28 1242 24 1260 29 100.3 1241 28
PVL - 69 432.1 2.47 2177 99.30 2.136 0.056 0.188 0.004 0.568 1251 34 1160 18 1110 20 88.0 1251 34
PVL (Run2) - 94 311.2 3.47 53460 99.83 2.500 0.053 0.2211 0.0044 0.295 1252 24 1271 15 1288 23 102.8 1252 24
PVL - 30 92.33 2.30 2458 99.53 2.561 0.067 0.221 0.003 0.286 1283 40 1286 19 1285 18 99.1 1283 40
PVL (Run2) - 92 370.4 2.03 63500 99.68 2.506 0.054 0.2174 0.0042 0.344 1294 23 1273 16 1268 22 97.3 1294 23
PVL (Run2) - 70 121 2.40 21850 99.71 2.673 0.067 0.2305 0.0049 0.277 1309 36 1318 19 1337 25 101.7 1309 36
PVL (Run2) - 52 297.7 1.32 52980 99.63 2.632 0.057 0.2224 0.0044 0.292 1321 26 1308 16 1294 23 98.5 1321 26
PVL (Run2) - 105 59.3 1.26 2545 99.16 2.623 0.087 0.2171 0.0049 0.252 1323 55 1301 24 1266 26 97.8 1323 55
PVL (Run2) - 103 311 2.14 3233 99.49 2.672 0.061 0.2207 0.0044 0.393 1336 26 1319 17 1285 23 97.9 1336 26
PVL - 3 593 2.04 13130 99.84 2.761 0.053 0.231 0.003 0.584 1343 16 1344 14 1342 15 99.7 1343 16
PVL (Run2) - 114 165.6 2.33 30760 99.62 2.829 0.066 0.2355 0.0050 0.300 1348 29 1361 17 1363 26 102.1 1348 29
PVL - 108 249.6 2.52 48400 99.68 2.782 0.063 0.232 0.004 0.333 1355 24 1349 18 1344 20 99.4 1355 24
PVL - 37 286.3 1.96 7176 99.23 2.503 0.050 0.209 0.003 0.489 1361 24 1273 14 1222 17 88.7 1361 24
PVL - 89 128 1.75 27700 99.44 2.759 0.072 0.229 0.004 0.435 1364 36 1350 20 1327 20 97.4 1364 36
PVL (Run2) - 81 353.9 2.06 5725 99.65 2.756 0.130 0.2281 0.0098 0.400 1366 23 1342 44 1324 54 97.1 1366 23
PVL - 2 351.2 1.12 78400 99.82 2.838 0.055 0.235 0.003 0.497 1366 17 1366 15 1362 16 99.9 1366 17
PVL - 94 646 3.47 8657 99.76 2.801 0.060 0.231 0.004 0.461 1369 14 1355 17 1340 20 98.3 1369 14
PVL - 44 346 1.10 10329 99.32 2.676 0.056 0.221 0.003 0.509 1396 23 1321 15 1284 16 90.6 1396 23
PVL - 46 103.8 1.78 1475 99.31 2.758 0.067 0.225 0.003 0.245 1397 36 1343 19 1310 17 93.2 1397 36
PVL - 57 167.4 2.49 2124 99.54 2.894 0.066 0.236 0.003 0.371 1399 29 1379 17 1364 16 97.6 1399 29
PVL (Run2) - 65 354.8 2.10 72070 99.96 3.255 0.065 0.2626 0.0051 0.303 1437 18 1470 15 1503 26 104.4 1437 18
PVL (Run2) - 96 310 1.54 6430 99.39 3.064 0.063 0.2404 0.0047 0.099 1444 20 1423 16 1389 25 97.4 1444 20
PVL - 77 140.3 1.70 10567 99.68 3.212 0.068 0.255 0.004 0.292 1447 26 1460 17 1463 18 101.7 1447 26
PVL - 49 160.82 2.11 38190 99.80 3.240 0.072 0.259 0.003 0.329 1451 27 1465 17 1483 18 102.1 1451 27
PVL (Run2) - 108 296 0.70 58100 99.64 3.184 0.075 0.2531 0.0050 0.253 1453 25 1452 18 1454 26 100.0 1453 25
PVL - 34 338.1 2.14 83900 99.80 3.184 0.064 0.253 0.003 0.490 1454 18 1452 15 1453 17 100.1 1454 18
PVL - 16 245.8 2.24 29400 99.62 3.133 0.061 0.247 0.003 0.351 1464 19 1440 15 1424 17 97.0 1464 19
PVL - 27 135.8 1.80 3886 98.43 2.629 0.070 0.207 0.003 0.492 1470 36 1305 20 1214 18 80.8 1470 36
PVL - 58 155 2.57 34870 99.44 3.098 0.065 0.244 0.004 0.301 1471 23 1431 16 1409 18 95.1 1471 23
PVL (Run2) - 33 118.1 3.54 24140 99.33 3.193 0.080 0.2483 0.0050 0.319 1497 33 1454 20 1430 26 94.8 1497 33
PVL - 107 408 0.94 45750 99.21 3.055 0.062 0.238 0.004 0.423 1503 19 1421 16 1375 22 90.0 1503 19
PVL - 8 1105 4.28 24773 99.69 3.263 0.061 0.252 0.003 0.732 1506 12 1472 15 1446 17 95.8 1506 12
PVL - 40 146.7 1.35 40400 99.78 3.440 0.087 0.265 0.004 0.404 1516 30 1512 20 1516 21 100.3 1516 30
PVL - 86 176.3 2.02 6229 99.66 3.594 0.082 0.270 0.004 0.503 1544 25 1546 18 1541 19 99.5 1544 25
PVL - 101 94.4 1.44 24400 99.84 3.820 0.100 0.287 0.005 0.584 1551 29 1596 20 1628 23 105.9 1551 29
PVL (Run2) - 1 442.4 4.81 81610 98.93 3.118 0.074 0.2358 0.0057 0.534 1556 17 1436 19 1364 30 85.9 1556 17
PVL - 110 320.4 1.24 10843 99.17 3.361 0.076 0.251 0.004 0.264 1570 20 1494 19 1442 22 91.0 1570 20
PVL (Run2) - 85 73.2 3.80 15800 99.65 3.762 0.098 0.2847 0.0063 0.292 1572 37 1583 22 1614 31 101.6 1572 37
PVL (Run2) - 35 54.01 2.36 12100 99.39 3.781 0.110 0.2802 0.0062 0.269 1579 45 1586 23 1592 31 101.2 1579 45
PVL - 97 869 1.84 207900 99.59 3.619 0.066 0.266 0.004 0.583 1590 12 1553 15 1521 18 95.6 1590 12
PVL (Run2) - 104 77.6 1.71 17900 99.44 3.902 0.096 0.2831 0.0059 0.199 1596 33 1611 20 1607 30 97.7 1596 33
PVL - 81 225.1 2.24 58900 99.73 3.866 0.085 0.282 0.004 0.638 1597 22 1605 18 1601 22 98.8 1597 22
PVL - 74 314 2.89 15436 98.97 3.544 0.073 0.256 0.004 0.688 1627 19 1536 16 1468 19 89.4 1627 19
PVL (Run2) - 107 221.7 2.21 6713 99.66 4.379 0.093 0.3033 0.0063 0.470 1689 20 1707 17 1707 31 97.6 1689 20
PVL - 48 142.7 1.85 41000 99.30 4.336 0.100 0.294 0.005 0.477 1744 24 1698 20 1661 24 94.9 1744 24
PVL (Run2) - 21 78.38 1.26 10460 99.52 4.691 0.110 0.3181 0.0068 0.609 1769 30 1763 20 1780 33 100.4 1769 30
PVL - 13 266.6 2.81 89300 100.00 4.944 0.095 0.330 0.004 0.645 1771 15 1812 16 1840 21 104.7 1771 15
PVL (Run2) - 118 16.24 0.34 3971 98.21 4.830 0.250 0.3102 0.0092 0.264 1791 90 1766 44 1739 45 99.8 1791 90
PVL - 43 92 0.90 3509 99.52 5.152 0.110 0.328 0.004 0.268 1861 24 1843 18 1829 21 98.1 1861 24
PVL - 100 256.4 1.17 73200 99.38 5.129 0.098 0.322 0.004 0.313 1879 19 1840 16 1800 21 95.6 1879 19
PVL (Run2) - 32 78.3 1.32 21880 99.58 5.464 0.130 0.3451 0.0074 0.382 1880 29 1892 21 1910 36 101.8 1880 29
PVL (Run2) - 47 231 0.78 65800 99.76 5.462 0.110 0.3414 0.0069 0.383 1884 19 1893 17 1893 33 98.8 1884 19
PVL - 11 80.9 0.64 595 96.05 3.950 0.120 0.238 0.004 0.504 1932 45 1619 25 1376 22 69.2 1932 45
PVL (Run2) - 20 119.3 1.13 1894 99.37 5.788 0.130 0.3506 0.0073 0.357 1974 24 1943 19 1937 35 96.7 1974 24
PVL (Run2) - 37 939.9 2.46 289700 99.92 6.203 0.110 0.3673 0.0075 0.425 1986 10 2005 16 2016 35 102.2 1986 10
PVL (Run2) - 80 534 18.48 164600 99.58 6.640 0.160 0.3714 0.0081 0.791 2089 11 2062 22 2035 39 97.3 2089 11
PVL (Run2) - 73 74.6 1.41 4614 99.88 7.100 0.170 0.4034 0.0086 0.416 2094 25 2122 21 2187 41 103.4 2094 25
PVL (Run2) - 71 206.9 4.47 9550 99.77 10.410 0.210 0.4714 0.0097 0.425 2466 15 2470 19 2489 42 100.6 2466 15
PVL (Run2) - 25 233.2 1.52 7655 99.38 10.050 0.450 0.4607 0.0210 0.873 2476 15 2437 56 2441 99 103.9 2476 15
PVL (Run2) - 50 243.1 2.70 31100 97.53 10.310 0.230 0.4336 0.0089 0.775 2550 16 2462 23 2321 41 91.1 2550 16
PVL - 73 299 1.13 9686 99.15 12.550 0.240 0.493 0.007 0.583 2682 10 2646 18 2583 30 96.3 2682 10
PVL - 51 132.3 1.43 64300 98.11 14.830 0.380 0.526 0.010 0.799 2860 14 2803 26 2723 44 94.3 2860 14
PVL (Run2) - 84 114.4 1.74 10224 99.85 16.740 0.330 0.5817 0.0110 0.464 2921 14 2918 19 2955 47 100.1 2921 14
Table 2. Geochronological analyses of all analyzed detrital zircon grains. Note: Red 
highlighted grains are discordant and were not included in analyses.
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Supplemental Data: Detrital single‐grain fusion  40Ar/39Ar muscovite laser step heat data for Catskill Formation samples 
Site: Red Hill 
Red font represents data parsed from age plots because %error>20%
Weighted average of J from standards = 5.076e‐03  1.836e‐05
Cumulative 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar % Atm. Ca/K Cl/K 40*/39K Age +/‐
39Ar meas. meas. meas. 40Ar (Ma)  (Ma)  %error
1 0.0139 45.807 0.24984 ‐0.00226 0.00131 0.00127 0.00041 0.8219 0.26406 ‐0.00415 0.00241 0.00002 0.00012 45.40098 0.27571 373.71 2.05 0.548553691
2 0.0202 44.70737 0.1786 ‐0.004 0.00239 ‐0.00043 0.00097 ‐0.284 0.64066 ‐0.00735 0.00438 0.00025 0.00024 44.80443 0.33763 369.27 2.52 0.682427492
3 0.0219 54.92783 0.4056 0.01221 0.00979 0.00015 0.00423 0.08097 2.27807 0.0224 0.01797 ‐0.00027 0.0008 54.85415 1.31466 442.65 9.41 2.125833051
4 0.0306 48.82 0.23433 ‐0.00254 0.00222 0.00027 0.00084 0.16177 0.51155 ‐0.00467 0.00407 0.00014 0.00017 48.71129 0.34209 398.15 2.51 0.630415672
5 0.0392 46.52723 0.20864 ‐0.00166 0.00232 0.00472 0.00087 2.99996 0.55565 ‐0.00305 0.00426 0.00012 0.00017 45.10256 0.32837 371.49 2.44 0.65681445
6 0.0459 48.1216 0.26418 ‐0.00456 0.00272 ‐0.00026 0.00089 ‐0.15768 0.54749 ‐0.00837 0.00498 0.00004 0.00022 48.16758 0.37327 394.16 2.74 0.695149178
7 0.0581 46.62981 0.14776 ‐0.00088 0.00117 0.00041 0.00029 0.25717 0.18304 ‐0.00161 0.00215 0.00018 0.00011 46.48024 0.1703 381.72 1.26 0.330084879
8 0.0669 45.00978 0.20479 ‐0.0012 0.00176 0.00232 0.00064 1.52317 0.4194 ‐0.00221 0.00324 0.0002 0.00011 44.29492 0.2762 365.47 2.06 0.563657756
9 0.0767 48.87062 0.21366 ‐0.00114 0.00133 0.0018 0.00049 1.08857 0.29729 ‐0.00209 0.00245 0.00014 0.00011 48.30921 0.25648 395.2 1.88 0.475708502
10 0.0802 45.33625 0.24423 0.00042 0.0045 0.00354 0.00123 2.30842 0.80248 0.00076 0.00826 ‐0.00025 0.00029 44.2607 0.43496 365.21 3.25 0.889898962
11 0.0824 48.77639 0.25321 0.00266 0.00919 0.00704 0.00171 4.2647 1.0338 0.00489 0.01686 ‐0.00016 0.00043 46.66788 0.55953 383.1 4.14 1.080657792
12 0.0893 46.39645 0.22955 0.00006 0.00189 0.00336 0.00065 2.14409 0.41421 0.0001 0.00346 0.00025 0.00014 45.37261 0.29569 373.5 2.2 0.589022758
13 0.0974 45.65785 0.23738 ‐0.00343 0.00287 0.00008 0.00082 0.05106 0.53195 ‐0.00629 0.00526 0.0004 0.00014 45.60474 0.33942 375.22 2.52 0.671605991
14 0.0988 43.86973 0.44316 0.00299 0.01661 ‐0.00296 0.00489 ‐1.99487 3.29559 0.00549 0.03048 0.00009 0.00062 44.71468 1.51377 368.6 11.29 3.062940857
15 0.1017 45.45215 0.32819 ‐0.01008 0.00749 ‐0.00029 0.00231 ‐0.18373 1.50045 ‐0.0185 0.01373 0.00014 0.00038 45.50558 0.7567 374.49 5.62 1.500707629
16 0.1027 44.92526 0.50393 ‐0.00839 0.02359 ‐0.00333 0.00695 ‐2.19024 4.57667 ‐0.01539 0.04328 0.00007 0.00069 45.87861 2.11819 377.26 15.72 4.166887558
17 0.104 45.58945 0.48762 ‐0.00844 0.01951 ‐0.00419 0.00537 ‐2.71785 3.4828 ‐0.01549 0.0358 0.00044 0.00074 46.79772 1.66385 384.06 12.3 3.20262459
18 0.1083 46.25063 0.19449 ‐0.00501 0.00504 0.00139 0.00163 0.88828 1.04309 ‐0.0092 0.00925 0.00037 0.0002 45.8102 0.51925 376.75 3.85 1.02189781
19 0.11 45.32615 0.24957 0.00233 0.01126 0.00581 0.00337 3.78815 2.196 0.00427 0.02066 0.00111 0.00043 43.58062 1.02339 360.13 7.67 2.129786466
20 0.118 54.60416 0.19072 ‐0.00356 0.0021 0.0011 0.00081 0.59677 0.43595 ‐0.00653 0.00384 0.00038 0.00015 54.24864 0.30427 438.31 2.18 0.497364879
21 0.136 44.89526 0.14341 ‐0.002 0.00128 0.00053 0.00035 0.35059 0.22806 ‐0.00367 0.00235 0.00025 0.00007 44.70821 0.17577 368.55 1.31 0.355447022
22 0.1435 44.80255 0.14468 ‐0.00377 0.00237 0.00053 0.00088 0.34963 0.58094 ‐0.00691 0.00435 0.00032 0.00017 44.61619 0.2974 367.87 2.22 0.603474053
23 0.1483 53.79873 0.21631 0.00104 0.00401 0.00359 0.0014 1.97547 0.76886 0.0019 0.00736 0.00031 0.00022 52.70687 0.46477 427.22 3.35 0.784139319
24 0.1594 44.53702 0.1831 ‐0.00242 0.0019 0.00088 0.00052 0.58203 0.34216 ‐0.00443 0.00348 0.0002 0.00009 44.2482 0.23737 365.12 1.77 0.48477213
25 0.1649 44.93822 0.24038 ‐0.00131 0.00277 0.00047 0.00084 0.3127 0.55242 ‐0.00241 0.00508 0.00027 0.00016 44.76805 0.34494 369 2.57 0.696476965
26 0.1698 45.30828 0.15614 ‐0.00285 0.00279 ‐0.00003 0.00091 ‐0.0211 0.5923 ‐0.00524 0.00512 0.00026 0.00021 45.28804 0.31034 372.87 2.31 0.619518867
27 0.1759 45.81738 0.25079 ‐0.00547 0.00283 0.00088 0.00086 0.56947 0.55417 ‐0.01004 0.00518 0.00036 0.00015 45.52676 0.35578 374.65 2.64 0.704657681
28 0.1759 52.82299 123.5759 2.77724 8.29657 0.61847 1.94703 345.7399 748.522 5.10587 15.28295 ‐0.75567 1.75765 ‐129.989 493.8759 ‐1909.06 13279.28 ‐695.592595
29 0.204 48.12718 0.14177 0.00069 0.00052 0.00107 0.00024 0.6553 0.14599 0.00127 0.00095 0.00027 0.00007 47.78232 0.15738 391.33 1.16 0.296425012
30 0.204 ‐597.3313 3179.878 15.17496 81.72614 ‐1.3611 8.30299 67.53974 200.8783 28.14559 153.2227 ‐0.33501 1.88343 ‐196.005 1607.989 ‐4360.24 2882832 ‐66116.361
31 0.2196 45.83965 0.12991 ‐0.00161 0.0018 0.00136 0.00041 0.88046 0.26371 ‐0.00296 0.0033 0.00018 0.00008 45.40656 0.17661 373.75 1.31 0.350501672
32 0.2265 48.46577 0.21659 ‐0.00193 0.004 0.00245 0.00079 1.49374 0.48184 ‐0.00355 0.00734 0.00023 0.00018 47.71249 0.31625 390.81 2.33 0.596197641
33 0.2304 55.02539 0.35199 ‐0.00334 0.00789 0.00518 0.00123 2.78498 0.65978 ‐0.00614 0.01448 ‐0.00005 0.00026 53.46395 0.49903 432.67 3.59 0.829731666
34 0.2553 47.24968 0.23115 ‐0.00192 0.00108 0.00154 0.00021 0.96388 0.12834 ‐0.00353 0.00197 0.00032 0.00005 46.76477 0.23681 383.82 1.75 0.45594289
35 0.2616 45.79755 0.15041 ‐0.00623 0.00368 0.0028 0.00082 1.80724 0.52733 ‐0.01142 0.00676 0.00025 0.00022 44.94052 0.28304 370.28 2.11 0.569839041
36 0.2645 48.37459 0.19716 ‐0.00734 0.00796 0.00328 0.00191 2.00665 1.16792 ‐0.01346 0.0146 0.00008 0.00038 47.37453 0.59686 388.32 4.4 1.133086115
37 0.273 44.43839 0.19657 0.00131 0.00235 0.00061 0.00078 0.40896 0.5216 0.0024 0.0043 0.0004 0.00018 44.22712 0.30331 364.96 2.27 0.621985971
38 0.2785 47.91398 0.21686 ‐0.00473 0.00348 ‐0.00091 0.00107 ‐0.56335 0.6592 ‐0.00867 0.00638 ‐0.00007 0.00024 48.15388 0.38364 394.06 2.82 0.715627062
39 0.2924 47.28317 0.16826 0.00046 0.00184 0 0.00045 0.00272 0.2811 0.00085 0.00338 0.0003 0.00011 47.2522 0.21437 387.42 1.58 0.407826132
40 0.2982 45.36701 0.20942 ‐0.00338 0.00327 0.00154 0.00121 1.00654 0.79183 ‐0.0062 0.006 0.00013 0.0002 44.88086 0.41459 369.84 3.09 0.835496431
41 0.3085 49.07479 0.19985 ‐0.00058 0.00169 ‐0.00008 0.00054 ‐0.04685 0.32276 ‐0.00106 0.0031 0.00049 0.00011 49.06805 0.25502 400.77 1.87 0.466601792
42 0.3085 ‐384.8276 2366.254 ‐29.2981 180.8618 ‐0.49522 6.77885 37.39658 465.139 ‐52.6683 318.5385 ‐0.69897 4.35178 ‐236.05 2258.359 ‐7192.92 104245.6 ‐1449.27999
43 0.3209 47.31699 0.09705 ‐0.00435 0.00147 0.0016 0.00032 0.99929 0.1999 ‐0.00797 0.00271 0.00014 0.00013 46.81461 0.1348 384.19 1 0.260287878
44 0.3209 77.42236 54.37522 ‐5.80599 4.98939 0.93131 1.11524 356.2121 361.4806 ‐10.6097 9.08023 0.01644 0.18555 ‐197.479 302.8222 ‐4440.86 1164030 ‐26211.804
45 0.3296 45.06656 0.23719 ‐0.00311 0.00245 0.0006 0.0005 0.39192 0.33095 ‐0.00571 0.00449 0.00025 0.00014 44.86026 0.27937 369.69 2.08 0.562633558
46 0.3501 45.82596 0.16682 ‐0.00179 0.00083 0.00064 0.00027 0.41184 0.17247 ‐0.00329 0.00151 0.0002 0.00008 45.60759 0.18395 375.25 1.37 0.36508994
47 0.3611 47.89427 0.18588 ‐0.00407 0.00162 0.00026 0.0005 0.16324 0.30997 ‐0.00746 0.00298 0.00024 0.00009 47.7863 0.2376 391.36 1.75 0.447158626
48 0.3751 45.89168 0.20641 ‐0.00237 0.00146 0.00053 0.00031 0.33878 0.20053 ‐0.00436 0.00267 ‐0.00004 0.00011 45.70653 0.22536 375.98 1.67 0.444172562
49 0.3813 44.34222 0.23765 ‐0.00557 0.00314 0.00145 0.00056 0.9656 0.37424 ‐0.01022 0.00576 0.00018 0.00019 43.88446 0.28795 362.4 2.15 0.593267108
50 0.3901 45.64606 0.21899 ‐0.00618 0.00187 0.00189 0.00043 1.22303 0.27635 ‐0.01134 0.00344 0.00004 0.00014 45.05827 0.25046 371.16 1.86 0.501131587
51 0.3967 44.25308 0.2171 ‐0.00809 0.0024 ‐0.00012 0.00067 ‐0.07657 0.44882 ‐0.01485 0.0044 0.00026 0.00018 44.25699 0.29427 365.19 2.2 0.602426134
52 0.4038 45.48198 0.25408 ‐0.00815 0.00235 0.0042 0.00077 2.73302 0.50022 ‐0.01496 0.00432 0.00029 0.00016 44.20981 0.33595 364.83 2.51 0.687991667
53 0.4103 47.28357 0.16226 ‐0.00607 0.00328 0.00049 0.00074 0.30842 0.46032 ‐0.01114 0.00602 0.00004 0.00016 47.10793 0.27108 386.36 2 0.517651931
54 0.4192 51.46051 0.29428 ‐0.00668 0.00164 0.00051 0.00048 0.2967 0.27435 ‐0.01225 0.003 0.00018 0.00019 51.27797 0.32558 416.88 2.36 0.566110152
55 0.4296 48.45384 0.12315 ‐0.00374 0.00179 0.00016 0.00066 0.09707 0.39979 ‐0.00687 0.00329 0.0001 0.00012 48.37701 0.22938 395.7 1.68 0.424564064
56 0.4346 45.33679 0.23272 ‐0.0049 0.00543 ‐0.00054 0.0011 ‐0.34834 0.71692 ‐0.00898 0.00996 0 0.00019 45.46476 0.40003 374.18 2.97 0.793735635
57 0.4477 45.93678 0.17877 ‐0.00445 0.00137 0.00021 0.00044 0.13285 0.28578 ‐0.00817 0.00252 0.00021 0.0001 45.84594 0.22156 377.02 1.64 0.434990186
58 0.4513 45.04408 0.34377 ‐0.01032 0.005 0.00036 0.00136 0.24127 0.89098 ‐0.01894 0.00917 0.0001 0.00032 44.90545 0.5277 370.02 3.93 1.062104751
59 0.4557 44.97602 0.26775 ‐0.01093 0.00344 0.00036 0.00167 0.23589 1.0969 ‐0.02006 0.00631 0.00002 0.00056 44.83994 0.56073 369.54 4.18 1.131136007
60 0.4673 46.14981 0.18273 ‐0.00425 0.00147 0.00115 0.00064 0.7379 0.4116 ‐0.0078 0.0027 0.00014 0.00011 45.77966 0.26257 376.52 1.95 0.517900776
61 0.4804 50.52582 0.14005 ‐0.00113 0.00163 0.00052 0.00042 0.30711 0.24686 ‐0.00207 0.00298 0.00017 0.0001 50.341 0.1872 410.07 1.36 0.331650694
62 0.4859 48.18857 0.28469 ‐0.00167 0.00275 0.00145 0.00095 0.88758 0.58411 ‐0.00306 0.00505 0.00019 0.00016 47.73136 0.39844 390.95 2.93 0.749456452
63 0.5074 49.20287 0.20987 0.0004 0.00083 0.00066 0.00029 0.39391 0.1713 0.00074 0.00152 0.00024 0.00009 48.97949 0.22538 400.12 1.65 0.412376287
64 0.5166 44.87192 0.28541 ‐0.00186 0.00179 0.00267 0.00065 1.76104 0.4305 ‐0.00341 0.00328 0.00025 0.00012 44.05248 0.34044 363.66 2.54 0.6984546
65 0.5241 49.89848 0.24824 ‐0.00787 0.00209 0.00081 0.00088 0.48307 0.52046 ‐0.01444 0.00384 0.00026 0.0002 49.6276 0.35833 404.86 2.62 0.647137282
66 0.5342 45.38683 0.23918 ‐0.00261 0.00223 0.0007 0.00071 0.45516 0.45997 ‐0.0048 0.00409 0.00019 0.00012 45.1506 0.31658 371.85 2.36 0.634664515
67 0.5463 47.58211 0.15646 ‐0.00024 0.00205 0.00114 0.00044 0.71109 0.27329 ‐0.00044 0.00376 0.00018 0.0001 47.21426 0.20256 387.14 1.49 0.384873689
68 0.5496 48.42788 0.28808 ‐0.00528 0.00742 0.00285 0.00169 1.74084 1.03143 ‐0.0097 0.01361 ‐0.00009 0.00034 47.55547 0.57395 389.66 4.23 1.085561772
69 0.5579 44.70492 0.23858 ‐0.003 0.00296 0.00096 0.0006 0.63618 0.39975 ‐0.0055 0.00543 ‐0.00013 0.00013 44.39091 0.29684 366.19 2.22 0.606242661
70 0.5665 50.85186 0.18598 ‐0.002 0.00253 0.00132 0.00068 0.76963 0.39301 ‐0.00367 0.00463 0.00006 0.00015 50.43095 0.27198 410.72 1.98 0.482080249
71 0.5825 44.96263 0.15286 0.00027 0.00124 0.00061 0.00024 0.39795 0.16 0.0005 0.00227 0.0002 0.00007 44.75413 0.16839 368.9 1.26 0.341555977
72 0.5877 45.15899 0.24607 ‐0.00843 0.00392 0.0028 0.00099 1.83411 0.64886 ‐0.01546 0.0072 0.0002 0.00019 44.30131 0.37972 365.52 2.84 0.776975268
73 0.597 48.48805 0.29664 ‐0.00086 0.00245 0.00192 0.00069 1.16968 0.42274 ‐0.00158 0.0045 0.00018 0.00012 47.89151 0.35766 392.13 2.63 0.670695943
74 0.6008 45.27814 0.22365 ‐0.00574 0.0057 0.00661 0.00185 4.32077 1.21112 ‐0.01054 0.01045 ‐0.00011 0.00026 43.29319 0.58839 357.97 4.41 1.231946811
75 0.6222 45.64435 0.19729 ‐0.00029 0.00106 0.00094 0.00033 0.60657 0.21108 ‐0.00052 0.00194 0.00022 0.00005 45.33796 0.21846 373.24 1.62 0.434037081
76 0.6305 44.63927 0.26176 ‐0.00165 0.00345 0.00067 0.00088 0.44347 0.58108 ‐0.00303 0.00633 0.0001 0.00013 44.41169 0.36758 366.34 2.74 0.747939073
77 0.6433 44.86969 0.19235 0.00199 0.00203 0.00115 0.00052 0.75844 0.34265 0.00364 0.00373 0.00018 0.00007 44.49997 0.24509 367 1.83 0.498637602
78 0.6524 49.92727 0.23397 ‐0.00259 0.00236 0.00118 0.00074 0.70188 0.44075 ‐0.00475 0.00433 0.00049 0.00013 49.54726 0.31992 404.27 2.34 0.578821085
79 0.6574 46.50688 0.21422 0.00099 0.00344 0.0071 0.00073 4.51643 0.46089 0.00181 0.0063 ‐0.00013 0.00028 44.3781 0.29642 366.09 2.21 0.603676692
80 0.6644 45.39729 0.19311 ‐0.00505 0.00264 0.00064 0.00065 0.41911 0.42207 ‐0.00927 0.00484 0.00041 0.00024 45.17729 0.27142 372.05 2.02 0.542937777
81 0.6709 44.83338 0.2132 ‐0.00716 0.0027 0.0014 0.00062 0.92685 0.40742 ‐0.01313 0.00496 ‐0.00002 0.00024 44.38819 0.27923 366.17 2.08 0.568042166
82 0.678 45.39127 0.22873 ‐0.00211 0.00237 0.00173 0.00089 1.12597 0.5772 ‐0.00387 0.00436 0.00009 0.00017 44.85074 0.34605 369.62 2.58 0.698014177
83 0.6811 48.7776 0.38963 ‐0.01127 0.00626 0.00305 0.00206 1.85219 1.24697 ‐0.02068 0.01149 0.00041 0.00049 47.84461 0.71821 391.79 5.29 1.350213124
84 0.6837 45.05445 0.22824 ‐0.00526 0.00811 0.00151 0.00145 0.98871 0.95487 ‐0.00966 0.01488 0.00026 0.00056 44.57942 0.48578 367.59 3.62 0.98479284
85 0.6951 45.30523 0.13 ‐0.00335 0.00116 0.00034 0.0004 0.2219 0.25962 ‐0.00615 0.00212 0.00003 0.0001 45.17495 0.17506 372.03 1.3 0.349434185
86 0.7011 44.59491 0.2585 ‐0.00408 0.00312 0.00052 0.00102 0.34384 0.67794 ‐0.00749 0.00572 0.00043 0.00016 44.41185 0.39706 366.34 2.96 0.807992575
87 0.728 50.74036 0.10527 ‐0.00103 0.00057 0.00083 0.0002 0.48094 0.11825 ‐0.0019 0.00104 0.00026 0.00005 50.46673 0.12071 410.98 0.88 0.214122342
88 0.7368 45.65295 0.18209 ‐0.00162 0.00226 0.00194 0.00072 1.2592 0.46713 ‐0.00297 0.00414 0.00034 0.00011 45.04871 0.27893 371.09 2.08 0.560510927
89 0.7431 52.747 0.24789 ‐0.00389 0.00241 0.00109 0.00101 0.60946 0.56579 ‐0.00713 0.00443 0.00014 0.00017 52.39587 0.3869 424.97 2.8 0.658870038
90 0.7579 45.25375 0.14787 ‐0.00216 0.00119 0.00058 0.00033 0.3765 0.2156 ‐0.00396 0.00219 0.00019 0.0001 45.05371 0.17668 371.13 1.32 0.35567052
91 0.7757 70.57841 0.29713 ‐0.0005 0.0014 0.00086 0.0004 0.35878 0.16563 ‐0.00092 0.00257 0.00011 0.00011 70.29557 0.31829 549.88 2.15 0.390994399
92 0.7882 45.16798 0.22444 ‐0.00094 0.00206 0.00173 0.00055 1.12973 0.35774 ‐0.00173 0.00377 0.00008 0.00013 44.6283 0.27454 367.96 2.05 0.557125775
93 0.8016 44.81058 0.31211 0.00016 0.00179 0.00046 0.00048 0.30605 0.31544 0.00029 0.00329 0.00006 0.00009 44.64383 0.34174 368.07 2.55 0.692802999
Muscovite 
Grain #
98
94 0.8048 45.69821 0.32661 0.00016 0.00701 0.00398 0.00181 2.57727 1.16878 0.00029 0.01286 ‐0.00039 0.00034 44.49151 0.62147 366.94 4.64 1.264511909
95 0.8149 46.79423 0.11259 ‐0.00366 0.00236 0.00121 0.00056 0.7649 0.35632 ‐0.00672 0.00433 ‐0.00006 0.0001 46.40671 0.20064 381.17 1.49 0.390901697
96 0.823 44.53676 0.16053 ‐0.00257 0.00306 0.00161 0.00078 1.07211 0.5181 ‐0.00471 0.00562 0.00004 0.00014 44.02981 0.28002 363.49 2.09 0.57498143
97 0.8348 45.58624 0.16734 ‐0.00109 0.0014 0.0008 0.00038 0.51914 0.24349 ‐0.00201 0.00257 0.00015 0.00007 45.32 0.20005 373.11 1.49 0.399346037
98 0.8431 45.19012 0.20027 ‐0.00254 0.00207 ‐0.00037 0.0005 ‐0.24262 0.32862 ‐0.00466 0.0038 0.00007 0.00009 45.26991 0.24963 372.74 1.86 0.499007351
99 0.8469 45.36031 0.31324 ‐0.00872 0.00409 ‐0.0008 0.0014 ‐0.51751 0.91095 ‐0.016 0.00751 0.00003 0.00038 45.56492 0.51925 374.93 3.86 1.029525511
100 0.8585 44.99531 0.12834 ‐0.00194 0.00159 0.00001 0.00073 0.00873 0.48113 ‐0.00356 0.00291 0.0001 0.0001 44.96162 0.25154 370.44 1.87 0.504805097
101 0.8635 46.01056 0.93539 ‐0.00309 0.00522 ‐0.00076 0.00104 ‐0.48863 0.66899 ‐0.00567 0.00957 0.00017 0.00024 46.20543 0.989 379.68 7.33 1.930573114
102 0.8674 44.38041 0.23748 ‐0.00101 0.00371 ‐0.00103 0.00116 ‐0.68347 0.7739 ‐0.00185 0.00681 ‐0.00007 0.0002 44.6538 0.41828 368.15 3.12 0.847480646
103 0.8736 44.72533 0.32288 ‐0.00782 0.00819 0.0014 0.00074 0.92561 0.48958 ‐0.01434 0.01502 0 0.00013 44.28168 0.38759 365.37 2.89 0.790979008
104 0.8781 48.74157 0.32054 ‐0.00379 0.00468 ‐0.00022 0.00149 ‐0.13105 0.90414 ‐0.00695 0.0086 0.00005 0.00023 48.77557 0.54496 398.62 4 1.003461944
105 0.8844 46.7931 0.27301 ‐0.00067 0.00255 0.00124 0.00084 0.783 0.53247 ‐0.00124 0.00469 0.00037 0.00017 46.39722 0.36796 381.1 2.72 0.713723432
106 0.9012 46.17147 0.13592 ‐0.0018 0.00117 0.00112 0.00037 0.71827 0.23597 ‐0.0033 0.00214 0.00003 0.00008 45.81029 0.17343 376.75 1.29 0.342402123
107 0.9047 46.16921 0.23607 ‐0.0042 0.00538 ‐0.00003 0.00166 ‐0.01884 1.06259 ‐0.00771 0.00988 0.00029 0.00028 46.14806 0.54417 379.26 4.03 1.062595581
108 0.9107 45.21236 0.16464 ‐0.00081 0.00261 0.00028 0.00071 0.18359 0.46658 ‐0.0015 0.00478 0.00026 0.00015 45.09969 0.26731 371.47 1.99 0.535709479
109 0.9153 54.45005 0.22589 ‐0.01375 0.00379 0.00101 0.00139 0.55162 0.75681 ‐0.02523 0.00695 0.00018 0.00027 54.11963 0.46916 437.39 3.37 0.770479435
110 0.9184 48.95346 0.29894 ‐0.01958 0.00642 0.00083 0.00182 0.50375 1.09629 ‐0.03593 0.01177 0.00016 0.00038 48.67663 0.6133 397.9 4.5 1.130937421
111 0.9245 44.56586 0.17522 ‐0.01008 0.0031 ‐0.00119 0.0009 ‐0.78978 0.59437 ‐0.0185 0.00569 0.00027 0.00017 44.88758 0.31819 369.89 2.37 0.640731028
112 0.9284 45.18283 0.36877 ‐0.01729 0.00456 ‐0.00099 0.00129 ‐0.64313 0.84158 ‐0.03173 0.00836 0.0001 0.00027 45.44296 0.53114 374.02 3.95 1.056093257
113 0.9407 48.07802 0.19483 ‐0.005 0.00161 ‐0.00068 0.00045 ‐0.41858 0.27635 ‐0.00917 0.00296 0.00021 0.00013 48.24927 0.23644 394.76 1.74 0.440774141
114 0.9472 49.81194 0.32682 ‐0.0108 0.0029 0.0042 0.00093 2.49224 0.54994 ‐0.01982 0.00533 0.00037 0.00017 48.54118 0.42019 396.9 3.08 0.776014109
115 0.9621 45.24747 0.124 ‐0.00251 0.00109 0.00018 0.00036 0.11962 0.23402 ‐0.0046 0.00199 0.00043 0.00006 45.1636 0.1629 371.95 1.21 0.325312542
116 0.9686 44.64808 0.30109 ‐0.00383 0.00229 0.00014 0.00086 0.09055 0.57064 ‐0.00702 0.00421 0.00025 0.00014 44.57786 0.39411 367.58 2.94 0.799825888
117 0.9712 44.99991 0.28662 ‐0.01419 0.00516 ‐0.00133 0.00206 ‐0.86973 1.35224 ‐0.02603 0.00946 0.00036 0.00042 45.36087 0.6733 373.41 5.01 1.34168876
118 0.9764 44.88242 0.27975 ‐0.00382 0.00287 0.00034 0.00119 0.22352 0.7818 ‐0.007 0.00527 0.0004 0.00023 44.75234 0.4482 368.88 3.34 0.905443505
119 0.9859 48.99657 0.16715 ‐0.00013 0.00192 0.0002 0.00058 0.12087 0.34815 ‐0.00024 0.00352 0.00036 0.00014 48.90768 0.23861 399.59 1.75 0.437948898
120 0.996 48.94739 0.11519 ‐0.00218 0.00161 0.0013 0.00042 0.78464 0.25509 ‐0.004 0.00296 0.00029 0.00009 48.53379 0.16929 396.85 1.24 0.312460627
121 1 44.11611 0.19301 ‐0.00398 0.00492 0.0003 0.00108 0.2014 0.72371 ‐0.0073 0.00904 ‐0.00028 0.0004 43.99749 0.37271 363.25 2.79 0.76806607
Site: Lower Steam Valley
Red font represents data parsed from age plots because %error>20%
Weighted average of J from standards = 5.570e‐03 +/‐ 1.672e‐05
Cumulative 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar % Atm. +/‐ Ca/K +/‐ Cl/K +/‐ 40*/39K +/‐ Age +/‐ % error
39Ar meas. meas. meas. 40Ar (Ma)  (Ma) 
1 0.0018 44.02963 0.55103 0.00301 0.00436 0.00348 0.00159 2.33817 1.0662 0.00552 0.008 0.00069 0.00025 42.97123 0.71402 386.72 5.78 1.494621432
2 0.0109 43.39607 0.20773 ‐0.00224 0.001 0.00115 0.00035 0.78224 0.23619 ‐0.00412 0.00184 0.00014 0.00009 43.02707 0.23019 387.18 1.86 0.480396715
3 0.0166 37.85973 0.155 0.90118 0.0104 0.0057 0.00064 4.25591 0.49684 1.6546 0.0191 0.00222 0.00015 36.2431 0.23978 331.39 2 0.603518513
4 0.0224 43.54396 0.25642 ‐0.00103 0.00181 0.00219 0.00068 1.4881 0.4588 ‐0.00188 0.00332 0.00007 0.0001 42.8667 0.32198 385.88 2.61 0.676376075
5 0.0324 42.23874 0.16566 0.00373 0.00105 0.00099 0.00029 0.69015 0.20214 0.00685 0.00192 0.00022 0.00009 41.91785 0.18535 378.17 1.51 0.399291324
6 0.0338 63.96178 0.71408 0.01708 0.00821 0.07045 0.00342 32.55952 1.53683 0.03134 0.01506 ‐0.00013 0.00057 43.11662 1.09469 387.9 8.86 2.284093839
7 0.0351 46.90853 0.36168 0.00109 0.00881 0.00627 0.00237 3.95501 1.49514 0.002 0.01616 0.00044 0.00046 45.0248 0.78252 403.28 6.28 1.557230708
8 0.0381 40.85871 0.19053 ‐0.00355 0.00494 ‐0.00226 0.00101 ‐1.63544 0.73233 ‐0.00652 0.00907 0.00011 0.00021 41.49664 0.35618 374.74 2.9 0.773869883
9 0.0418 43.71938 0.22107 ‐0.00403 0.00434 ‐0.0013 0.00089 ‐0.87932 0.59876 ‐0.00739 0.00795 ‐0.00012 0.00022 44.07372 0.3437 395.63 2.77 0.700149129
10 0.0478 43.00614 0.15958 0.00093 0.00191 ‐0.00083 0.00064 ‐0.56986 0.44326 0.00171 0.00351 0.00035 0.00014 43.22138 0.24906 388.75 2.02 0.519614148
11 0.0581 46.27349 0.10383 ‐0.00147 0.00132 0.00027 0.00028 0.1757 0.18149 ‐0.00269 0.00243 0.00036 0.00008 46.16249 0.13338 412.39 1.06 0.257038241
12 0.0671 42.79911 0.15184 ‐0.00109 0.00109 ‐0.0002 0.00032 ‐0.13671 0.21788 ‐0.002 0.00199 0.00016 0.00011 42.82784 0.17832 385.56 1.45 0.376076356
13 0.0754 44.02851 0.17854 ‐0.00308 0.00138 ‐0.00051 0.00034 ‐0.34473 0.22728 ‐0.00564 0.00254 0.00003 0.00011 44.15039 0.20516 396.25 1.65 0.416403785
14 0.0763 69.9718 0.69779 0.22463 0.01502 0.1076 0.00468 45.43277 1.92421 0.41224 0.02757 0.00751 0.00085 38.17153 1.39953 347.42 11.59 3.336019803
15 0.0832 42.63341 0.1672 ‐0.00424 0.00174 0.00047 0.00053 0.3262 0.36991 ‐0.00779 0.0032 0.00014 0.00016 42.46461 0.22939 382.62 1.86 0.486122001
16 0.0834 55.35801 2.22685 ‐0.154 0.08996 0.03309 0.02682 17.69452 14.30642 ‐0.28254 0.16502 ‐0.00419 0.00415 45.53328 8.12693 407.36 65.07 15.97358602
17 0.0847 43.62465 0.43809 0.00226 0.00862 0.00156 0.00247 1.05549 1.67215 0.00415 0.01582 0.0001 0.0005 43.13488 0.84817 388.05 6.86 1.767813426
18 0.0882 46.09002 0.2899 ‐0.0089 0.00408 0.00344 0.0011 2.20661 0.70291 ‐0.01633 0.00749 0.00009 0.00019 45.04366 0.43036 403.43 3.45 0.855166943
19 0.0979 42.12365 0.17927 ‐0.00293 0.00136 0.00116 0.00041 0.81512 0.28978 ‐0.00538 0.00249 0.00006 0.00009 41.75075 0.21565 376.81 1.76 0.467078899
20 0.1031 51.69962 0.18483 0.00035 0.0019 0.00168 0.00066 0.95914 0.37877 0.00064 0.00349 0.00027 0.00014 51.17434 0.26804 451.97 2.09 0.462420072
21 0.1047 44.5168 0.28902 0.00033 0.0075 0.00018 0.00258 0.12192 1.71229 0.00061 0.01376 0.00001 0.00039 44.43287 0.81462 398.52 6.55 1.643581251
22 0.1077 46.14438 0.23436 0.01767 0.004 0.00628 0.00126 4.02344 0.80931 0.03243 0.00734 0.00113 0.00026 44.25983 0.4359 397.13 3.51 0.883841563
23 0.1117 42.70958 0.15897 ‐0.00142 0.00223 0.00022 0.00087 0.14978 0.60268 ‐0.00261 0.00409 0.00058 0.00025 42.61591 0.30227 383.84 2.45 0.638286786
24 0.1247 44.02698 0.17241 ‐0.00229 0.00083 0.00028 0.00031 0.1875 0.21054 ‐0.0042 0.00152 0.00015 0.00006 43.91471 0.19544 394.35 1.58 0.400659313
25 0.1305 42.1167 0.17427 ‐0.00498 0.00232 0.00019 0.00074 0.13369 0.5167 ‐0.00914 0.00425 0.00009 0.00016 42.03059 0.27853 379.09 2.27 0.598802395
26 0.1382 42.40493 0.16707 ‐0.00093 0.00166 0.00079 0.00049 0.55061 0.34508 ‐0.0017 0.00305 0.00018 0.00014 42.14187 0.22137 379.99 1.8 0.473696676
27 0.1515 43.85079 0.15751 ‐0.00197 0.0008 0.00127 0.00034 0.85772 0.22935 ‐0.00361 0.00146 0.00011 0.00009 43.44517 0.18575 390.56 1.5 0.384063908
28 0.1586 41.27786 0.15843 ‐0.00003 0.00175 0.00071 0.00058 0.50897 0.4143 ‐0.00006 0.00321 0.00003 0.00011 41.03822 0.2325 371 1.9 0.51212938
29 0.1686 42.72072 0.20192 ‐0.00301 0.00135 0.00083 0.00043 0.57464 0.2954 ‐0.00552 0.00247 0.00013 0.00015 42.44561 0.2371 382.46 1.92 0.502013282
30 0.1721 50.23276 0.30856 ‐0.00286 0.00325 0.00323 0.00144 1.90331 0.84537 ‐0.00525 0.00597 0.00039 0.0002 49.24744 0.52131 436.85 4.11 0.940826371
31 0.1832 46.17916 0.11966 ‐0.00222 0.00119 0.00098 0.00039 0.63103 0.25039 ‐0.00408 0.00218 0.00021 0.00008 45.85818 0.16582 409.96 1.33 0.324421895
32 0.1991 41.69913 0.15463 0.00004 0.00096 0.00125 0.00031 0.88728 0.22235 0.00008 0.00176 0.00022 0.00006 41.2997 0.17909 373.13 1.46 0.391284539
33 0.2179 43.44644 0.17413 0.00033 0.00063 0.00101 0.0002 0.68457 0.13768 0.00061 0.00115 0.00023 0.00005 43.11953 0.18298 387.93 1.48 0.381512128
34 0.238 41.86222 0.1724 ‐0.00062 0.00076 0.00075 0.00026 0.53338 0.18564 ‐0.00113 0.00139 0.00018 0.00008 41.60938 0.18825 375.66 1.53 0.407283182
35 0.2417 48.37861 0.21362 0.03971 0.00353 0.03414 0.00137 20.85902 0.82997 0.07286 0.00647 0.00355 0.00019 38.26487 0.4362 348.2 3.61 1.036760482
36 0.2624 43.17882 0.17622 0.00369 0.0009 0.00198 0.00024 1.35815 0.16217 0.00677 0.00165 0.00032 0.00006 42.5632 0.18739 383.42 1.52 0.396432111
37 0.276 41.19649 0.1627 ‐0.00093 0.00115 0.00032 0.00031 0.23268 0.22596 ‐0.00171 0.00212 0.00015 0.00008 41.07097 0.1871 371.27 1.53 0.412099012
38 0.2856 41.78082 0.15633 ‐0.00277 0.00107 0.00059 0.00051 0.41677 0.3629 ‐0.00508 0.00195 0.00013 0.00014 41.57704 0.21727 375.4 1.77 0.47149707
39 0.2882 45.29615 0.21865 0.00808 0.00501 0.00604 0.00194 3.94266 1.26444 0.01483 0.00919 0.001 0.00025 43.48199 0.60985 390.86 4.93 1.261321189
40 0.2925 46.1523 0.25135 ‐0.00701 0.00276 0.00288 0.00106 1.84905 0.67847 ‐0.01287 0.00507 0.00027 0.00013 45.26955 0.3985 405.24 3.19 0.787187839
41 0.3014 43.54393 0.19772 ‐0.003 0.00118 0.00094 0.00059 0.64159 0.39935 ‐0.00551 0.00217 0.00032 0.0001 43.23496 0.2623 388.86 2.12 0.545183356
42 0.3103 41.4131 0.16129 ‐0.00095 0.00084 0.00015 0.00054 0.10378 0.3822 ‐0.00174 0.00155 0.00006 0.00008 41.34042 0.22578 373.47 1.84 0.492676788
43 0.3122 52.92626 0.45109 0.04866 0.00595 0.03506 0.00275 19.57659 1.52732 0.0893 0.01092 0.00114 0.0003 42.54268 0.88599 383.25 7.19 1.876060013
44 0.3159 42.14584 0.19484 ‐0.00279 0.00266 0.00194 0.00133 1.36178 0.93407 ‐0.00511 0.00489 0.0001 0.00019 41.54253 0.43785 375.12 3.57 0.951695457
45 0.3308 42.04705 0.18806 0.001 0.00108 0.00109 0.00032 0.76596 0.22713 0.00184 0.00198 0.00022 0.00005 41.69554 0.2096 376.36 1.71 0.454352216
46 0.3367 42.16825 0.25077 0.00017 0.00311 0.00232 0.00077 1.62684 0.5381 0.00032 0.0057 0.00025 0.00012 41.45303 0.33513 374.39 2.73 0.729186143
47 0.3391 61.31474 0.3299 0.08074 0.00494 0.0716 0.00167 34.51393 0.78266 0.14816 0.00907 0.00189 0.0002 40.13545 0.52771 363.61 4.33 1.190836336
48 0.3496 46.11321 0.12488 0.00135 0.00093 0.00291 0.00029 1.86886 0.18666 0.00247 0.00171 0.00035 0.00009 45.22232 0.14986 404.87 1.2 0.296391434
49 0.3607 42.38885 0.1423 ‐0.00108 0.00093 0.00049 0.00029 0.34236 0.2054 ‐0.00199 0.0017 0.00018 0.00009 42.2141 0.1664 380.58 1.35 0.354721741
50 0.3635 46.07404 0.20674 0.02814 0.00459 0.01736 0.00188 11.1375 1.20351 0.05163 0.00843 0.00153 0.0003 40.91697 0.58449 370.01 4.78 1.291856977
51 0.3673 43.32168 0.19094 0.00568 0.00326 0.00186 0.00101 1.26828 0.68851 0.01043 0.00597 0.00017 0.00021 42.74308 0.35273 384.88 2.86 0.743088755
52 0.372 42.45942 0.32178 ‐0.00004 0.00276 0.00204 0.00105 1.42321 0.73185 ‐0.00008 0.00506 0.00044 0.00019 41.82585 0.44395 377.42 3.61 0.956494091
53 0.3775 42.36306 0.1522 0.00027 0.00202 0.00055 0.00079 0.38411 0.54807 0.00049 0.0037 0.00027 0.00018 42.17076 0.27717 380.23 2.25 0.5917471
54 0.3785 41.90683 0.4508 0.01609 0.01288 0.00174 0.00313 1.2222 2.20513 0.02953 0.02364 0.0011 0.00072 41.36578 1.02529 373.67 8.36 2.237268178
55 0.3819 49.34991 0.26905 0.03353 0.00431 0.01947 0.00115 11.65914 0.68575 0.06153 0.0079 0.00124 0.00027 43.57093 0.41385 391.58 3.34 0.852954696
56 0.3881 43.25839 0.10361 0.00164 0.00336 0.00153 0.00107 1.04218 0.73154 0.003 0.00617 0.00036 0.00014 42.77822 0.33248 385.16 2.7 0.701007374
57 0.4009 43.92789 0.13711 0.00167 0.00119 0.00109 0.00045 0.73017 0.30103 0.00306 0.00219 0.00022 0.00008 43.5777 0.18972 391.63 1.53 0.390674872
58 0.4082 43.36257 0.25769 ‐0.00201 0.00213 0.00229 0.0008 1.56061 0.54612 ‐0.00369 0.00391 ‐0.00002 0.0001 42.65656 0.34696 384.17 2.81 0.731447016
59 0.4299 44.91294 0.23494 0.00522 0.00091 0.00263 0.00025 1.73162 0.16239 0.00958 0.00167 0.00027 0.00005 44.10619 0.24211 395.89 1.95 0.492561065
60 0.4315 43.825 0.40548 ‐0.01106 0.01007 ‐0.00318 0.00324 ‐2.1435 2.18747 ‐0.0203 0.01848 0.00027 0.00027 44.7337 1.04364 400.94 8.39 2.092582431
61 0.4423 42.71855 0.14353 ‐0.00093 0.00174 0.00106 0.00055 0.73208 0.37912 ‐0.0017 0.0032 0.00011 0.00007 42.37631 0.21564 381.9 1.75 0.45823514
62 0.455 42.05383 0.13423 ‐0.00056 0.00098 0.00006 0.00035 0.04537 0.24634 ‐0.00104 0.0018 0.00011 0.00005 42.00504 0.16947 378.88 1.38 0.364231419
63 0.4902 42.84088 0.16217 0.00002 0.00038 0.00034 0.00013 0.23773 0.09271 0.00003 0.00069 0.00015 0.00002 42.70941 0.16658 384.6 1.35 0.351014041
64 0.4939 42.19178 0.22283 0.00006 0.00306 0.00049 0.00142 0.34105 0.9969 0.00011 0.00562 0.00009 0.00022 42.01828 0.47538 378.99 3.87 1.021135122
65 0.5257 43.37733 0.15376 0.00037 0.00051 0.00081 0.00017 0.55203 0.1132 0.00068 0.00094 0.00023 0.00004 43.10835 0.1606 387.83 1.3 0.335198412
66 0.5366 44.08881 0.12388 0.0006 0.00103 0.00061 0.00043 0.41059 0.28731 0.00109 0.00189 0.00018 0.00006 43.87823 0.17679 394.06 1.43 0.3628889
Muscovite 
Grain #
99
67 0.5505 43.361 0.1746 0.0007 0.00105 0.0008 0.00033 0.5433 0.22639 0.00128 0.00193 0.00018 0.00008 43.09591 0.19945 387.73 1.61 0.415237407
68 0.559 42.18648 0.16575 ‐0.00277 0.00167 ‐0.00049 0.00058 ‐0.34556 0.40986 ‐0.00508 0.00307 0.00041 0.00011 42.30238 0.23982 381.3 1.95 0.51140834
69 0.576 42.70557 0.17021 ‐0.00106 0.00107 0.0007 0.00024 0.48395 0.16601 ‐0.00194 0.00197 0.00007 0.00006 42.46931 0.18361 382.65 1.49 0.389389782
70 0.586 42.66909 0.23423 ‐0.0027 0.00133 0.00053 0.00034 0.36692 0.2327 ‐0.00496 0.00245 0.00024 0.00011 42.48286 0.25359 382.76 2.06 0.538196259
71 0.5947 42.60336 0.16365 ‐0.00307 0.00125 0.00006 0.00045 0.04116 0.30887 ‐0.00564 0.0023 0.00026 0.00008 42.55604 0.20988 383.36 1.7 0.443447412
72 0.601 43.64356 0.13127 ‐0.00784 0.00167 0.00049 0.00053 0.33518 0.35733 ‐0.01439 0.00307 0.00034 0.00012 43.46744 0.20349 390.74 1.64 0.419716435
73 0.6048 46.14422 0.21979 ‐0.00703 0.00387 ‐0.00028 0.00111 ‐0.1789 0.71213 ‐0.0129 0.0071 0.0013 0.0004 46.19679 0.39537 412.66 3.16 0.765763583
74 0.6203 42.85298 0.08718 0.00645 0.00081 0.00353 0.00029 2.43457 0.20154 0.01184 0.00148 0.00032 0.00006 41.78091 0.12119 377.06 0.99 0.262557683
75 0.622 44.50664 0.31016 0.0109 0.00645 0.00412 0.00201 2.73852 1.33611 0.01999 0.01184 ‐0.00008 0.00042 43.25926 0.66663 389.06 5.39 1.385390428
76 0.6275 47.64575 0.2779 0.00028 0.00208 0.00223 0.00071 1.38523 0.44179 0.00051 0.00382 ‐0.00001 0.00018 46.95647 0.3455 418.72 2.75 0.65676347
77 0.6334 44.70307 0.17907 ‐0.00082 0.0014 0.00197 0.00072 1.30107 0.47579 ‐0.00151 0.00257 ‐0.00003 0.00012 44.09211 0.27649 395.78 2.23 0.563444338
78 0.6361 43.42514 0.27495 0.00314 0.00523 0.00468 0.00151 3.18665 1.02625 0.00577 0.0096 ‐0.00021 0.00035 42.01267 0.51904 378.94 4.22 1.113632765
79 0.6385 42.13132 0.3339 0.00225 0.00419 0.00263 0.00155 1.84606 1.08548 0.00412 0.00769 ‐0.00008 0.00029 41.32446 0.56253 373.34 4.59 1.229442331
80 0.6411 45.02505 0.23129 ‐0.00194 0.0044 0.0013 0.00125 0.85663 0.8205 ‐0.00356 0.00807 0.00009 0.00017 44.60984 0.43468 399.95 3.49 0.872609076
81 0.6465 42.71911 0.12349 ‐0.00018 0.00272 0.00106 0.00059 0.73081 0.40936 ‐0.00032 0.00498 ‐0.00002 0.00015 42.37743 0.21354 381.91 1.73 0.452986306
82 0.6604 44.08276 0.1361 0.00048 0.00076 0.00113 0.00025 0.75637 0.16441 0.00088 0.00139 0.00008 0.00008 43.71987 0.15326 392.78 1.24 0.315698355
83 0.6655 47.50902 0.19761 0.01839 0.00271 0.01618 0.00077 10.06773 0.47762 0.03374 0.00496 0.00076 0.00016 42.69978 0.28878 384.52 2.34 0.608550921
84 0.6731 42.79021 0.26997 0.00093 0.0014 0.0013 0.00051 0.90113 0.35188 0.0017 0.00256 0.00011 0.00008 42.3752 0.30696 381.89 2.49 0.652020215
85 0.6776 43.96096 0.2528 ‐0.00222 0.00217 0.00166 0.00079 1.11885 0.53455 ‐0.00408 0.00398 0.0002 0.00024 43.43967 0.343 390.51 2.77 0.709328826
86 0.7004 43.32401 0.07571 0.00324 0.00045 0.00327 0.00028 2.22976 0.19152 0.00594 0.00083 0.00067 0.00008 42.32905 0.11117 381.52 0.9 0.235898511
87 0.7051 44.75339 0.19418 ‐0.00356 0.00235 0.00161 0.00111 1.06191 0.73083 ‐0.00654 0.00431 0.00048 0.0002 44.24865 0.37916 397.04 3.05 0.768184566
88 0.7115 40.68903 0.19414 ‐0.0001 0.00141 0.0005 0.0009 0.36444 0.65727 ‐0.00019 0.00259 0.0002 0.00016 40.51115 0.32991 366.69 2.7 0.73631678
89 0.7148 42.73707 0.17945 ‐0.00544 0.0023 ‐0.00059 0.00178 ‐0.41046 1.23447 ‐0.00999 0.00423 0.00017 0.00034 42.8825 0.55714 386.01 4.51 1.168363514
90 0.7161 53.30213 0.53342 ‐0.00502 0.0076 ‐0.00329 0.00487 ‐1.82589 2.7003 ‐0.00922 0.01395 0.00047 0.00062 54.24493 1.53757 475.8 11.85 2.490542245
91 0.7182 41.71142 0.2001 ‐0.01136 0.00635 ‐0.00157 0.00252 ‐1.111 1.78382 ‐0.02085 0.01165 0.00058 0.00036 42.14447 0.77052 380.02 6.26 1.647281722
92 0.7201 41.79723 0.42408 0.12373 0.00515 0.00353 0.00148 2.47629 1.04639 0.22705 0.00946 0.0202 0.00042 40.7368 0.60194 368.54 4.92 1.334997558
93 0.7257 44.34266 0.19764 0.00104 0.00255 0.00319 0.00056 2.12688 0.37441 0.00191 0.00467 0.00049 0.00017 43.37051 0.25491 389.96 2.06 0.528259309
94 0.7352 43.50979 0.15927 0.00074 0.00126 0.00165 0.00036 1.11928 0.24496 0.00135 0.00231 0.00032 0.0001 42.99345 0.19013 386.9 1.54 0.398035668
95 0.7551 42.68458 0.11803 ‐0.00061 0.00102 0.00093 0.00014 0.64679 0.09959 ‐0.00112 0.00187 0.00015 0.00008 42.37898 0.12473 381.92 1.01 0.264453289
96 0.7584 45.43023 0.15923 ‐0.00238 0.00474 0.00228 0.00076 1.48568 0.49416 ‐0.00437 0.0087 0.00049 0.00024 44.72595 0.2738 400.88 2.2 0.548792656
97 0.7733 43.24185 0.09368 ‐0.00044 0.00076 0.00242 0.00026 1.65406 0.17852 ‐0.00081 0.0014 0.00023 0.0001 42.49738 0.12017 382.88 0.98 0.255954868
98 0.7913 43.30301 0.11909 0.00012 0.0006 0.00111 0.00031 0.76112 0.20936 0.00023 0.0011 0.00038 0.00007 42.94395 0.14891 386.5 1.21 0.313065977
99 0.792 78.07704 0.69607 0.16983 0.01463 0.11168 0.0057 42.26756 2.12523 0.31165 0.02686 0.02034 0.00114 45.06404 1.70768 403.6 13.7 3.39444995
100 0.7964 44.29403 0.18813 0.00486 0.00354 ‐0.00018 0.00082 ‐0.12321 0.54514 0.00893 0.0065 0.00025 0.00017 44.31902 0.30612 397.61 2.46 0.618696713
101 0.802 43.07837 0.21863 0.00169 0.00188 0.00113 0.00047 0.77676 0.32584 0.0031 0.00345 0.00036 0.00015 42.71434 0.25834 384.64 2.09 0.543365225
102 0.809 42.11197 0.21649 0.00143 0.00177 0.00003 0.00051 0.01871 0.35981 0.00263 0.00324 0.00017 0.0001 42.07443 0.26416 379.45 2.15 0.566609566
103 0.8324 43.34493 0.22533 0.00128 0.00055 0.00057 0.00017 0.39012 0.11391 0.00235 0.00101 0.00028 0.00005 43.14629 0.22981 388.14 1.86 0.479208533
104 0.8383 42.02486 0.1831 ‐0.00751 0.0028 0.0026 0.00101 1.83246 0.71099 ‐0.01379 0.00515 0.00039 0.00016 41.2254 0.34856 372.53 2.85 0.765039057
105 0.8449 42.7317 0.23568 ‐0.00628 0.00261 0.00207 0.00068 1.43471 0.46751 ‐0.01152 0.00479 0.00047 0.0001 42.08916 0.30633 379.57 2.49 0.65600548
106 0.8813 42.73873 0.16999 ‐0.0008 0.00047 0.0007 0.00013 0.48214 0.09081 ‐0.00147 0.00086 0.00019 0.00004 42.50308 0.17356 382.93 1.41 0.368213512
107 0.8852 43.90829 0.39692 ‐0.00334 0.0051 0.0034 0.00112 2.29334 0.7515 ‐0.00613 0.00936 0.0006 0.00016 42.8722 0.50911 385.92 4.13 1.070169983
108 0.9019 42.95662 0.09266 0.00157 0.00104 0.00275 0.00028 1.89291 0.18946 0.00289 0.00191 0.00036 0.00004 42.1144 0.12199 379.77 0.99 0.260684098
109 0.9108 42.27807 0.1979 ‐0.00307 0.00184 0.00208 0.00041 1.45436 0.28416 ‐0.00563 0.00337 0.00025 0.0001 41.63383 0.22904 375.86 1.87 0.497525674
110 0.9214 42.39087 0.0814 ‐0.00166 0.00088 0.0002 0.00031 0.13661 0.21441 ‐0.00305 0.00162 0.00021 0.00006 42.30325 0.1219 381.31 0.99 0.259631271
111 0.9386 43.94055 0.1626 ‐0.00107 0.00057 0.00055 0.0002 0.36947 0.1347 ‐0.00196 0.00104 0.00026 0.00004 43.74858 0.17247 393.01 1.39 0.353680568
112 0.9459 44.28242 0.14621 ‐0.00281 0.00171 0.00027 0.00031 0.17848 0.20684 ‐0.00515 0.00313 0.00023 0.00011 44.17365 0.17228 396.44 1.39 0.350620523
113 0.9553 41.73254 0.11935 ‐0.00315 0.00127 0.00069 0.00032 0.48677 0.2255 ‐0.00578 0.00232 0.00022 0.00009 41.49975 0.1515 374.77 1.24 0.3308696
114 0.9582 42.95747 0.32035 ‐0.00505 0.00398 0.0034 0.00093 2.34176 0.64023 ‐0.00927 0.0073 ‐0.00016 0.00022 41.92236 0.41648 378.21 3.39 0.896327437
115 0.9729 43.00456 0.04598 ‐0.00033 0.00094 0.00053 0.00017 0.3674 0.11571 ‐0.00061 0.00173 0.00028 0.00008 42.81696 0.06762 385.47 0.55 0.142682958
116 0.9818 42.90127 0.1527 0.00053 0.0013 0.00266 0.00049 1.83317 0.33961 0.00096 0.00239 0.00021 0.00014 42.08568 0.20904 379.54 1.7 0.447910629
117 0.985 42.41979 0.36694 ‐0.01578 0.00538 ‐0.00025 0.00191 ‐0.17347 1.33297 ‐0.02896 0.00988 ‐0.00033 0.0004 42.46315 0.67407 382.6 5.47 1.429691584
118 0.9878 44.56058 0.32041 ‐0.00188 0.00559 ‐0.00056 0.00162 ‐0.37081 1.07642 ‐0.00345 0.01026 ‐0.00032 0.00034 44.69595 0.57721 400.64 4.64 1.158146965
119 0.9945 42.53796 0.1506 ‐0.00282 0.0018 0.00068 0.00062 0.47632 0.43009 ‐0.00518 0.00331 0 0.00016 42.3057 0.23642 381.33 1.92 0.503500905
120 1 45.31041 0.09959 ‐0.00154 0.0017 0.00098 0.00064 0.63825 0.42049 ‐0.00283 0.00313 0.00014 0.0002 44.99165 0.21461 403.01 1.72 0.426788417
Site: Trout Run North
Red font represents data parsed from age plots because %error>20%
Weighted average of J from standards = 5.570e‐03 +/‐ 1.672e‐05
Cumulative 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar % Atm. +/‐ Ca/K +/‐ Cl/K +/‐ 40*/39K +/‐ Age +/‐ % error
39Ar meas.   meas.   meas.   40Ar               (Ma)  (Ma) 
1 0.0313 45.21863 0.09575 ‐0.00038 0.00148 0.00007 0.0005 0.04842 0.32675 ‐0.0007 0.00271 0.00027 0.0001 45.16704 0.17596 404.42 1.41 0.348647446
2 0.0594 44.69055 0.12906 ‐0.00164 0.00146 0.00002 0.00055 0.01428 0.36061 ‐0.00301 0.00268 0.00004 0.00008 44.65442 0.20638 400.31 1.66 0.414678624
3 0.0798 46.65015 0.19562 0.01858 0.0018 0.00238 0.00076 1.50553 0.48217 0.03409 0.0033 0.00034 0.00009 45.91917 0.29614 410.44 2.37 0.5774291
4 0.0978 56.66028 0.42482 ‐0.00405 0.002 0.01531 0.00093 7.98688 0.48373 ‐0.00742 0.00367 0.00018 0.00012 52.10741 0.47753 459.24 3.72 0.810033969
5 0.1788 45.9833 0.17615 0.00253 0.00053 0.00163 0.00024 1.04901 0.1533 0.00463 0.00097 0.00021 0.00005 45.47162 0.18802 406.86 1.51 0.371135034
6 0.1984 45.64482 0.15949 0.00355 0.00221 0.00179 0.00086 1.15837 0.55512 0.00651 0.00406 0.00035 0.00012 45.08684 0.29833 403.78 2.39 0.591906484
7 0.2567 47.43421 0.15094 ‐0.00019 0.00074 0.00072 0.00018 0.44928 0.11068 ‐0.00036 0.00136 0.00018 0.00004 47.19153 0.15917 420.59 1.27 0.301956775
8 0.3324 46.67213 0.19811 0.00046 0.00062 0.00319 0.00015 2.02257 0.09713 0.00084 0.00114 0.00022 0.00005 45.69907 0.19936 408.68 1.6 0.391504355
9 0.3762 44.34143 0.21421 0.00079 0.00081 0.00085 0.00032 0.56447 0.21253 0.00144 0.00149 0.00018 0.00007 44.06163 0.2329 395.53 1.88 0.475311607
10 0.464 46.5948 0.18482 ‐0.00039 0.00053 ‐0.00001 0.00014 ‐0.00811 0.089 ‐0.00072 0.00098 0.00023 0.00006 46.56887 0.18943 415.63 1.51 0.3633039
11 0.4764 46.64487 0.21648 ‐0.00206 0.00335 0.00219 0.00072 1.38852 0.45402 ‐0.00378 0.00614 0 0.00018 45.96784 0.30066 410.83 2.4 0.584183239
12 0.4836 51.26904 0.23789 0.00655 0.00574 0.01777 0.00102 10.24699 0.58873 0.01202 0.01053 ‐0.00018 0.00034 45.98906 0.37086 411 2.96 0.720194647
13 0.4982 47.91984 0.16743 0.00016 0.00258 ‐0.00023 0.00055 ‐0.1407 0.34158 0.0003 0.00474 0.00026 0.00026 47.95753 0.23423 426.66 1.86 0.435944312
14 0.5127 47.1434 0.28276 0.00525 0.00216 0.00613 0.00056 3.84593 0.35153 0.00963 0.00397 0.00046 0.00017 45.30191 0.31842 405.5 2.55 0.628853268
15 0.565 46.04468 0.12556 0.01241 0.00088 0.00103 0.00021 0.66086 0.1372 0.02276 0.00162 0.00019 0.00004 45.71128 0.13981 408.78 1.12 0.273986007
16 0.5914 46.27621 0.26268 ‐0.00062 0.00129 0.00078 0.00054 0.4988 0.34677 ‐0.00113 0.00236 0.00027 0.00005 46.01581 0.30666 411.22 2.45 0.595788143
17 0.6435 48.24161 0.09397 0.0017 0.00088 0.00214 0.00024 1.31 0.14693 0.00312 0.00162 0.00042 0.00007 47.58038 0.11673 423.67 0.93 0.219510468
18 0.6565 46.98699 0.29504 0.01065 0.00342 0.00352 0.00078 2.21065 0.4918 0.01953 0.00628 0.00017 0.00015 45.91957 0.36975 410.45 2.96 0.721159703
19 0.682 44.12544 0.18563 ‐0.00023 0.00158 0.00027 0.00035 0.18146 0.23323 ‐0.00042 0.00289 0.00006 0.00011 44.01572 0.21193 395.16 1.71 0.432736107
20 0.7546 45.32193 0.19771 ‐0.00155 0.0008 0.00079 0.00019 0.51597 0.12458 ‐0.00284 0.00146 0.00008 0.00006 45.05848 0.20463 403.55 1.64 0.40639326
21 0.9001 43.21956 0.18496 0.00251 0.00028 0.00132 0.00007 0.90193 0.05002 0.00461 0.00051 0.00018 0.00003 42.8004 0.18458 385.34 1.5 0.389266622
22 0.9361 46.46936 0.16415 ‐0.00239 0.00121 0.00109 0.00029 0.6923 0.18644 ‐0.00438 0.00221 0.00012 0.00009 46.11809 0.18462 412.03 1.47 0.356770138
23 0.9556 46.83968 0.20572 ‐0.00509 0.0026 0.00029 0.00047 0.18108 0.29642 ‐0.00935 0.00478 ‐0.00002 0.00016 46.72505 0.24784 416.87 1.97 0.472569386
24 0.9855 46.93536 0.17765 ‐0.0016 0.0016 0.00097 0.00033 0.60992 0.20905 ‐0.00294 0.00294 0.00006 0.00013 46.61952 0.20199 416.03 1.61 0.386991323
25 1.0002 48.85143 20.70216 ‐0.00514 0.00587 0.00055 0.00181 0.336 1.09727 ‐0.00943 0.01077 ‐0.00009 0.00102 48.65751 20.67525 432.2 163.29 37.78111985
26 1.0002 1325.337 1226.232 15.31621 14.50096 4.41515 4.11012 98.34799 10.16086 28.41044 27.19234 0.14612 0.19102 22.13357 137.7142 209.52 1230.67 587.3759068
27 1.0001 561.7406 129.0298 6.47721 1.97761 2.0088 0.4978 105.5823 9.87781 11.9394 3.66207 0.05756 0.05225 ‐31.5007 56.19597 ‐347.7 684.16 ‐196.767328
28 1.0001 617.7008 164.6024 6.22517 2.13649 2.02388 0.60179 96.74124 12.80634 11.47276 3.95486 0.00765 0.06133 20.2173 79.64188 192.31 718.54 373.6363164
29 1 584.4161 201.4409 6.76286 2.66196 1.97439 0.69991 99.7415 8.32079 12.46846 4.93132 0.11747 0.06749 1.51791 48.86281 15.17 486.38 3206.19644
30 1 505.0188 144.5035 4.75088 2.02976 1.87627 0.60504 109.7147 16.35934 8.74656 3.74946 0.09118 0.0648 ‐49.2232 84.07107 ‐577.47 1162.74 ‐201.35072
31 1 0.26755 2.92517 ‐0.12569 8.23236 ‐1.09254 3.3885 ‐135733 1692155 ‐0.2306 15.10257 ‐0.40058 0.9996 323.0432 1001.4 1855.1 3590.76 193.5615331
32 1 ‐1.77119 6.41726 ‐1.59573 10.25792 2.28419 7.11751 ‐37486.9 89001.7 ‐2.92464 18.77951 ‐0.16358 0.64678 ‐676.148 2103.98 ‐1272921 7634.49 ‐0.59976153
33 1 8.19781 72.13035 20.85838 184.0016 5.41948 48.14447 19584.1 43181.44 38.84446 347.7884 ‐1.08651 9.60144 ‐1615.36 14559.55 ‐1.8E+08 18273.03 ‐0.00992192
34 0.0005 74.67884 34.28364 ‐2.69643 3.212 0.39323 0.28085 155.9579 85.50484 ‐4.93818 5.8712 ‐0.00811 0.06604 ‐41.6927 66.41983 ‐476.25 868.42 ‐182.345407
35 0.0609 45.95814 0.42739 0.01116 0.02141 0.01181 0.00163 7.59373 1.04664 0.02048 0.03928 0.00149 0.00065 42.4411 0.62283 382.43 5.06 1.323117956
36 0.1586 45.96902 0.22772 ‐0.00189 0.01417 0.00632 0.00099 4.06572 0.63929 ‐0.00346 0.02599 0.00062 0.00037 44.0715 0.36638 395.61 2.95 0.745683881
37 0.2391 47.39053 0.24712 0.00456 0.02168 0.00774 0.00124 4.82873 0.77107 0.00837 0.03979 0.00159 0.00069 45.07404 0.43469 403.68 3.49 0.864546175
38 0.2975 48.4452 0.40065 0.00812 0.02755 0.01437 0.00142 8.7697 0.86291 0.0149 0.05055 0.00133 0.00053 44.16986 0.55565 396.41 4.48 1.130143034
39 0.4367 45.25468 0.18131 0.00728 0.01248 0.0055 0.00071 3.58961 0.46619 0.01336 0.0229 0.00106 0.0002 43.60181 0.27407 391.82 2.21 0.564034506
40 0.4369 1902.169 3195.975 ‐2.61688 7.99001 6.29737 10.60201 97.84179 10.45127 ‐4.79276 14.60654 0.11153 0.21412 40.97643 210.014 370.49 1716.39 463.275662
Muscovite 
Grain #
100
41 0.8943 47.11456 0.11777 0.0082 0.00458 0.00318 0.00033 1.99511 0.20544 0.01504 0.00841 0.00033 0.0001 46.14573 0.15075 412.25 1.2 0.291085506
42 0.9333 54.55432 0.87248 ‐0.00428 0.05127 0.03328 0.00394 18.03429 2.11422 ‐0.00786 0.09408 0.00205 0.0008 44.69136 1.35718 400.6 10.91 2.723414878
43 0.9998 49.6827 0.53879 ‐0.02917 0.03794 0.01726 0.00181 10.27489 1.07255 ‐0.05352 0.06962 0.00091 0.00033 44.55029 0.71958 399.47 5.79 1.449420482
44 1 1072.502 2370.836 ‐0.97671 9.39184 3.13204 6.97261 86.30523 22.75198 ‐1.7909 17.20898 0.50104 1.1224 146.7714 405.7509 1076.74 2240.91 208.1198804
45 0.0145 47.35119 0.46915 ‐0.00505 0.02602 0.01331 0.0015 8.31203 0.93097 ‐0.00927 0.04775 0.00031 0.00041 43.38796 0.61622 390.1 4.98 1.276595745
46 0.0361 46.44362 0.31598 0.01596 0.01395 0.00937 0.00112 5.96022 0.71264 0.02929 0.02561 0.00041 0.00028 43.64804 0.4449 392.2 3.59 0.915349312
47 0.0606 49.94666 0.25302 0.01041 0.01373 0.00819 0.00104 4.84748 0.61797 0.01911 0.02519 0.00012 0.0002 47.4976 0.39179 423.02 3.11 0.735189826
48 0.0709 49.85826 0.34583 0.04247 0.0314 0.02306 0.00323 13.6694 1.9132 0.07792 0.05762 0.00116 0.00075 43.01858 0.99987 387.11 8.1 2.092428509
49 0.0891 48.39065 0.3697 0.02563 0.02696 0.01207 0.00249 7.36938 1.51973 0.04703 0.04946 0.00022 0.00037 44.79786 0.81094 401.46 6.51 1.621581229
50 0.1162 47.60475 0.20138 0.01004 0.01328 0.00935 0.0007 5.80513 0.43575 0.01843 0.02436 0.00026 0.00028 44.81357 0.28119 401.58 2.26 0.562777031
51 0.1239 43.08054 0.46437 0.03518 0.05414 0.00353 0.00389 2.41723 2.6707 0.06455 0.09935 0.00129 0.00093 42.01124 1.23595 378.93 10.05 2.652204893
52 0.1349 44.61919 0.44917 0.04193 0.04217 0.00401 0.00233 2.64757 1.54496 0.07693 0.07738 0.00106 0.00101 43.41024 0.81609 390.28 6.6 1.691093574
53 0.1549 45.50977 0.3606 ‐0.00985 0.02238 0.00636 0.00133 4.13136 0.86101 ‐0.01807 0.04106 0.0001 0.00045 43.60082 0.52253 391.82 4.22 1.077025165
54 0.1691 44.17318 0.43879 0.00371 0.03795 ‐0.00004 0.0027 ‐0.02835 1.80855 0.0068 0.06963 0.0002 0.00057 44.15611 0.91107 396.3 7.34 1.852132223
55 0.169 ‐120.2283 83.73825 1.54074 3.82509 ‐0.25279 0.30545 62.22074 61.36126 2.83013 7.03381 0.0021 0.1411 ‐45.4821 80.40229 ‐526.48 1080.96 ‐205.318341
56 0.1794 46.95215 0.53398 ‐0.00347 0.03983 0.00611 0.00305 3.85106 1.91868 ‐0.00636 0.07308 0.0011 0.00083 45.11533 1.03665 404.01 8.32 2.059354966
57 0.2237 47.14075 0.20384 ‐0.00856 0.00885 0.00101 0.0005 0.63331 0.31508 ‐0.0157 0.01624 0.00047 0.0002 46.81241 0.25115 417.57 2 0.478961611
58 0.2392 49.36902 0.34928 ‐0.03453 0.01974 ‐0.00052 0.0013 ‐0.30405 0.77616 ‐0.06336 0.03622 0.00098 0.00039 49.48813 0.51901 438.75 4.08 0.92991453
59 0.25 45.31302 0.38722 ‐0.03016 0.03027 0.00281 0.00257 1.84089 1.67781 ‐0.05534 0.05553 0.00126 0.00072 44.44876 0.8496 398.65 6.84 1.715790794
60 0.3514 45.00408 0.0902 ‐0.00042 0.00285 0.00207 0.00036 1.36343 0.23739 ‐0.00078 0.00523 0.00038 0.00008 44.36117 0.13905 397.95 1.12 0.281442392
61 0.4025 47.36434 0.12535 ‐0.00063 0.00945 0.00099 0.00055 0.62112 0.34123 ‐0.00116 0.01733 0.00062 0.00015 47.04061 0.20403 419.39 1.62 0.386275305
62 0.4242 47.27753 0.2209 ‐0.02419 0.01204 0.00319 0.00127 2.00149 0.79392 ‐0.04438 0.02209 0.00112 0.00037 46.30137 0.43312 413.5 3.46 0.836759371
63 0.4306 46.40745 0.77073 ‐0.10474 0.05798 ‐0.00553 0.00475 ‐3.50371 3.0274 ‐0.19216 0.10636 0.00112 0.00125 47.99914 1.61457 426.99 12.79 2.995386309
64 0.4776 45.31209 0.19415 ‐0.00092 0.00673 0.00112 0.00087 0.73402 0.56779 ‐0.00169 0.01235 0.00011 0.00018 44.94998 0.32135 402.68 2.58 0.640707261
65 0.4933 46.5454 0.38058 0.00661 0.02407 0.00027 0.00203 0.16917 1.28958 0.01212 0.04417 0.00059 0.00074 46.43723 0.71007 414.58 5.66 1.365237107
66 0.511 44.658 0.33098 0.01596 0.02265 0.00015 0.00217 0.09513 1.4358 0.02928 0.04156 0.00032 0.00051 44.58634 0.72108 399.76 5.8 1.450870522
67 0.5231 50.97507 0.63821 ‐0.01093 0.03139 0.00599 0.0036 3.47349 2.08505 ‐0.02005 0.0576 0.00058 0.00078 49.17541 1.228 436.29 9.68 2.21870774
68 0.5416 46.66766 0.32851 0.04535 0.02142 0.00118 0.00167 0.73803 1.05898 0.08321 0.0393 0.00057 0.00042 46.29524 0.5919 413.45 4.72 1.141613254
69 0.5821 43.32824 0.18007 0.00212 0.0116 ‐0.00033 0.00046 ‐0.22715 0.31186 0.00388 0.02128 0.00045 0.00022 43.39696 0.22539 390.17 1.82 0.466463336
70 0.6003 47.02835 0.33529 0.04184 0.02842 0.0017 0.00126 1.06294 0.79186 0.07678 0.05215 0.00071 0.00058 46.50046 0.49863 415.08 3.98 0.958851306
71 0.6438 48.12531 0.24406 0.01101 0.0093 0.00118 0.00045 0.72445 0.27721 0.02021 0.01707 0.00029 0.00021 47.74756 0.27658 425 2.19 0.515294118
72 0.7016 46.17258 0.19595 0.01786 0.00815 0.00252 0.00058 1.61239 0.36869 0.03278 0.01496 0.00022 0.00022 45.39944 0.25718 406.29 2.06 0.507027
73 0.8056 45.91378 0.1109 0.01593 0.00438 0.00155 0.00034 0.99347 0.21663 0.02922 0.00804 0.00037 0.00014 45.42874 0.14816 406.52 1.19 0.292728525
74 0.8475 47.01111 0.27234 0.03641 0.01318 0.00246 0.0008 1.54354 0.50622 0.06681 0.02418 0.00069 0.00028 46.25742 0.35851 413.15 2.86 0.692242527
75 0.9127 45.99833 0.19305 0.27154 0.01455 0.00148 0.00079 0.90553 0.50724 0.49833 0.02671 0.00066 0.00028 45.56111 0.30172 407.58 2.42 0.593748467
76 0.9218 49.07938 0.8322 0.09414 0.05839 0.0062 0.00445 3.72203 2.68169 0.17275 0.10716 0.00331 0.00123 47.22718 1.54057 420.87 12.24 2.908261458
77 0.9316 45.01514 0.74682 0.07771 0.05209 0.01116 0.00437 7.31793 2.86566 0.14259 0.0956 0.00308 0.00102 41.69573 1.46352 376.36 11.92 3.167180359
78 0.9617 47.65625 0.35898 ‐0.00419 0.01868 0.00036 0.00135 0.22116 0.83481 ‐0.00769 0.03428 0.0012 0.00043 47.52108 0.53515 423.2 4.25 1.004253308
79 0.9732 48.66416 0.61614 0.06573 0.04833 0.00238 0.00433 1.43372 2.62804 0.12061 0.0887 0.00339 0.001 47.93941 1.4152 426.52 11.21 2.62824721
80 1 44.51674 0.31978 0.00732 0.02783 ‐0.00081 0.00181 ‐0.54215 1.20276 0.01344 0.05107 0.00098 0.00075 44.72845 0.62423 400.9 5.02 1.252182589
81 0.0047 45.46579 0.3988 0.28289 0.13359 0.01067 0.00307 6.88485 1.99603 0.51917 0.24522 0.00155 0.00106 42.31635 0.98088 381.41 7.97 2.08961485
82 0.0109 45.16807 0.40052 0.20298 0.08784 0.00596 0.00213 3.86156 1.39115 0.37249 0.16122 0.00133 0.00076 43.40155 0.73748 390.21 5.96 1.527382691
83 0.048 43.86703 0.12111 0.04222 0.01676 0.00191 0.00032 1.28185 0.21577 0.07747 0.03076 0.00053 0.00015 43.27669 0.15322 389.2 1.24 0.318602261
84 0.0804 45.95006 0.13694 0.05038 0.02116 0.00113 0.00039 0.71848 0.24845 0.09244 0.03884 0.0006 0.00016 45.59206 0.17789 407.83 1.42 0.348184292
85 0.1905 44.0831 0.08559 0.01994 0.00579 0.00165 0.00016 1.10182 0.10516 0.03658 0.01062 0.00038 0.00007 43.56862 0.09659 391.56 0.78 0.199203187
86 0.2031 43.42885 0.22084 0.12396 0.04777 0.00605 0.00117 4.09873 0.79377 0.22748 0.08767 0.00117 0.00044 41.62399 0.40507 375.78 3.3 0.878173399
87 0.2335 44.75081 0.21684 0.03191 0.02155 0.00067 0.00045 0.43504 0.29752 0.05856 0.03955 0.00075 0.00019 44.52756 0.2538 399.29 2.04 0.51090686
88 0.2414 47.77064 0.38221 0.00588 0.0876 ‐0.00164 0.00141 ‐1.0169 0.87256 0.0108 0.16074 0.00083 0.00054 48.22662 0.56796 428.8 4.49 1.047108209
89 0.3167 44.97866 0.06886 0.05001 0.00916 0.0018 0.00017 1.17123 0.11389 0.09177 0.01681 0.00035 0.00007 44.42407 0.08529 398.45 0.69 0.173171038
90 0.3267 44.11889 0.3459 0.04326 0.05713 0.00277 0.00113 1.84944 0.75641 0.07937 0.10483 0.0009 0.00034 43.27511 0.47623 389.18 3.85 0.989259469
91 0.3312 46.59405 0.68457 0.07898 0.14919 0.00853 0.00316 5.39697 2.00149 0.14493 0.27378 0.00168 0.00093 44.05374 1.13553 395.47 9.15 2.313702683
92 0.3389 45.32015 0.36318 0.01557 0.09279 0.00627 0.00181 4.08767 1.18175 0.02856 0.17027 0.00084 0.00051 43.4396 0.63913 390.51 5.17 1.323909759
93 0.4128 44.74401 0.09282 0.01595 0.00811 0.00167 0.00018 1.09975 0.11647 0.02927 0.01489 0.00042 0.00009 44.22307 0.10564 396.84 0.85 0.214192118
94 0.4192 46.7485 0.49162 ‐0.01711 0.09602 0.00286 0.00163 1.81317 1.02836 ‐0.0314 0.17619 0.0013 0.00101 45.87115 0.68143 410.06 5.45 1.329073794
95 0.4382 45.68747 0.21096 ‐0.01274 0.03063 0.00052 0.00048 0.3371 0.31137 ‐0.02337 0.0562 0.00038 0.00031 45.50345 0.25399 407.12 2.03 0.498624484
96 0.4682 48.2685 0.23531 ‐0.00326 0.02108 0.00216 0.00038 1.32108 0.22991 ‐0.00598 0.03868 0.00052 0.00023 47.60141 0.25781 423.84 2.05 0.483673084
97 0.4795 45.09472 0.28073 ‐0.01792 0.05442 0.00267 0.00111 1.75454 0.72851 ‐0.03288 0.09985 0.00063 0.00056 44.27378 0.42921 397.24 3.46 0.871009969
98 0.4802 51.631 3.89827 0.01222 0.9864 0.01961 0.01675 11.22598 9.55408 0.02241 1.80993 0.01479 0.00772 45.80894 6.02639 409.56 48.2 11.76872741
99 0.5048 47.14024 0.16865 0.00376 0.02795 0.00057 0.0007 0.3582 0.43671 0.0069 0.05128 0.00019 0.00014 46.94191 0.26581 418.6 2.12 0.506450072
100 0.5412 44.45933 0.17034 ‐0.00718 0.01881 0.00111 0.00042 0.73823 0.27717 ‐0.01317 0.03452 0.00024 0.00014 44.10141 0.20951 395.86 1.69 0.426918608
101 0.5878 45.352 0.18642 ‐0.00225 0.01675 0.00236 0.00043 1.54117 0.27744 ‐0.00414 0.03074 0.00094 0.00008 44.62374 0.22256 400.06 1.79 0.447432885
102 0.5919 47.28066 0.78909 0.00715 0.18297 0.00895 0.00358 5.59374 2.23419 0.01312 0.33572 ‐0.00093 0.00081 44.6081 1.29241 399.93 10.39 2.597954642
103 0.6234 48.26536 0.18069 ‐0.00407 0.02087 0.00253 0.00061 1.55148 0.37655 ‐0.00747 0.0383 ‐0.00005 0.00013 47.48716 0.25507 422.93 2.02 0.47762041
104 0.6654 45.79782 0.10886 ‐0.00169 0.01784 0.00176 0.00042 1.13852 0.26932 ‐0.0031 0.03274 0.00023 0.00009 45.24699 0.16371 405.06 1.31 0.323408878
105 0.6865 45.38459 0.22391 0.00909 0.02992 0.00083 0.00075 0.54192 0.49104 0.01668 0.05489 0.00016 0.00031 45.10939 0.31511 403.96 2.53 0.626299634
106 0.7026 43.728 0.23532 0.01374 0.03813 ‐0.0006 0.00085 ‐0.40637 0.5767 0.02521 0.06997 0.00008 0.00029 43.87631 0.34534 394.04 2.79 0.708049944
107 0.7292 44.60634 0.18016 0.01159 0.02152 0.00161 0.00043 1.06697 0.28746 0.02128 0.03948 0.00038 0.00019 44.10139 0.22006 395.85 1.77 0.447139068
108 0.742 45.83287 0.2696 0.06061 0.0571 ‐0.00082 0.00118 ‐0.53752 0.76347 0.11121 0.10478 0.00011 0.00035 46.05134 0.4424 411.5 3.53 0.857837181
109 0.748 44.44496 0.54404 0.17268 0.11206 ‐0.00199 0.00222 ‐1.35403 1.47774 0.31689 0.20566 ‐0.00074 0.00064 45.02215 0.8573 403.26 6.88 1.706095323
110 0.7497 39.84332 1.43641 0.52276 0.40467 ‐0.01295 0.00712 ‐9.71858 5.27591 0.95955 0.74306 0.00447 0.00234 43.69909 2.62668 392.61 21.21 5.402307634
111 0.7778 44.34095 0.20381 0.01333 0.02671 ‐0.00044 0.00063 ‐0.29844 0.41897 0.02446 0.04901 0.00037 0.00015 44.44391 0.27607 398.61 2.22 0.55693535
112 0.8265 44.64972 0.12177 0.00701 0.01491 0.00035 0.00036 0.22728 0.23711 0.01286 0.02737 0.00033 0.00009 44.51883 0.16113 399.22 1.3 0.325634988
113 0.8437 45.53697 0.24144 0.04404 0.04159 0.00114 0.00104 0.73084 0.67458 0.08081 0.07632 0.00022 0.00028 45.17609 0.38963 404.49 3.12 0.77134169
114 0.855 43.60415 0.31138 ‐0.05062 0.08062 0.00103 0.00156 0.70655 1.05829 ‐0.09288 0.14792 0.00061 0.00042 43.26503 0.55538 389.1 4.49 1.153945001
115 0.8821 44.81592 0.28535 ‐0.01502 0.02861 ‐0.00027 0.00079 ‐0.17274 0.51881 ‐0.02755 0.05249 0.0004 0.00017 44.86311 0.36833 401.98 2.96 0.736355043
116 0.8884 50.3424 0.60602 0.11422 0.1205 0.01562 0.00309 9.15248 1.81007 0.20959 0.22113 0.00059 0.00076 45.71153 1.06523 408.78 8.52 2.084250697
117 0.9127 44.58178 0.2253 0.02218 0.03892 ‐0.00024 0.00061 ‐0.16367 0.4052 0.04071 0.07141 0.00042 0.00026 44.6257 0.28898 400.08 2.32 0.579884023
118 0.9399 48.08226 0.20339 ‐0.02285 0.03069 0.00304 0.00052 1.87168 0.32183 ‐0.04193 0.05632 ‐0.00005 0.00022 47.15241 0.25318 420.28 2.01 0.478252594
119 0.9533 46.55828 0.2869 0.009 0.0756 0.00069 0.00149 0.43958 0.94587 0.01652 0.13871 0.0002 0.0005 46.32434 0.52483 413.68 4.19 1.012860182
120 1 44.08958 0.12105 ‐0.00736 0.01716 0.00017 0.00034 0.11335 0.23092 ‐0.01351 0.03148 0.00019 0.00013 44.00971 0.15804 395.12 1.27 0.32142134
Table 3. Geochronological analyses of all analyzed detrital muscovite grains. Note: 
Red highlighted grains are discordant and were not included in analyses.
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